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ITHIN the past half cen- 
tury or less, two marked 
tendencies have appeared 

in our urban life which are no doubt 
due to the progress that has been made 
within that time in the practice of 
artificial lighting. One of these is the 
general turning of night into day, not 
only for our play but for our work on 
the night shift. ‘The other is the rapid 
increase in the height and compactness 
ol our buildings—not only our indus- 
trial and commercial buildings but our 
modern houses of living apartments 
as well. 

Such intensive utilization of the 
original ground space as we now see 
vould searcely have been possible 
without adequate means of artificial 
ighting to fall back on when the 
natural source of light is excluded by 
reason of the inadequacy or the 


es . . . * a oO” 
neceived for publication Feb. 27, 1925. 


absence of outside openings. The 
tremendously increased use of artificial 
light which has taken place within 
these few decades has naturally opened 
up many questions as to theeffect that 
its general use might be having on the 
human organism. Some of these 
questions seem to have been ade- 
quately disposed of, while others are 
still under discussion. 

Among the former we might mention 
the questions that have arisen regard- 
ing the character of the light that 
comes from our modern artificial light 
sources. As the kerosene and gas 
flames were being replaced by the in- 
‘andescent filament, and the filament, 
owing to progressive improvement, 
was being operated at higher and 
higher temperatures, it became a ques- 
tion well worth considering whether 
these white-hot threads were emitting 
rays of some sort or other which might 
be harmful to us. If so, it was high 
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time that we should know it. In- 
vestigation has, however, failed to 
show that the heated filament emits 
anything that is not contained in 
ordinary sunlight; and measurements 
have shown, too, that the sunlight, to 
which man has undergone prolonged 
exposure in the course of his many 
centuries of evolutionary growth, is of 
an intensity hundreds to thousands 
of times as great as any artificial 
intensity contemplated. 

The light that makes things visible 
to us is a small range within a long 
scale of waves, spoken of sometimes as 
electromagnetic waves, and sometimes 
simply as radiation. These radiations 
differ from each other in wave length 
‘or frequency) but in no other funda- 
mental particular. The “visible” 
waves range from the extreme violet 
of the rainbow or spectrum, having a 
wave length of about 390 mu (milli- 
microns, or millionths of a millimeter), 
to the extreme red of perhaps 760 
mu— or about one octave, by analogy 
with the musical scale. Below the 
former, for a limited distance, lie the 
shorter ultraviolet or — so-called 
“chemical” rays, extending to 290 mu 
in the case of solar radiation and sky- 
light and to much shorter wave lengths 
in the case of electric sparks and ares 
enclosed in quartz or unenclosed. 
Ordinary glass is quite opaque beyond 
300 mp, and most glass absorbs 
strongly in the region between 300 
mu and 3850 mu. Beyond the red, 
from 760 mu on, lie the infra-red or 
so-called ‘‘heat’’ rays. The continuity 


of the series has already been estab- 
lished far beyond the limits stated, 
and the X-rays have been shown to be 
of identical character but of extremely 
short wave length; while the hertzian 
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waves are of much longer wave length 
than the infra-red, extending up to 
hundreds and thousands of meters ip 
length. 

These waves all travel with the 
same velocity, which is, of course, the 
velocity of light, about three hundred 
million meters per second. Anyone 
who wishes to know the frequency of 
any particular wave length may have 4 
surprise by calculating it. It will be. 
per second, the number of wave lengths 
that will lie, end to end, within that 
distance. For light of 500 mu wave 
length, which is not far from the 
middle of the visible range, this 
number is six hundred trillion per 
second. 

Those rays which have been thought 
to be pernicious to the eyes, under 
the usual conditions of modern light- 
ing, are the ultraviolet. While certain 
troublesome disturbances, especially 
in the eyes, are known to result from 
ultraviolet rays, it 1s fortunate that 
up to the present time no material has 
been found for making lamp filaments 
that will withstand the temperatures 
necessary to produce these rays in 
more than very small amounts (see 
Fig. 1), and furthermore, the glass 
globe that must surround the filament 
is an effective barrier against the 
passage of waves short enough to do 
damage. Indeed the case is quite the 
other way with the modern lamp 
filament. At the highest practicable 
temperatures the excess of radiation 1s 
at the long-wave end of the spectrum, 
in the red and infra-red. It is doubt- 
ful if these waves are capable of harm 
other than by their mere heating effect, 
and this is initially a painful stimulus 
which leads the person exposed 10 
protect himself at once. 
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‘s common to conclude that an 
al eireumstance is the cause of 
usual fact. The assignment of 
rn light and lighting as the cause 
© present high incidence of eye 
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Fig. 1. 


Short-wave spectra of daylight from the sky 
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as already existed, but which are no 
more frequent now than in the decades 
gone by when they more easily went 
undetected. We who are concerned 
with lighting problems long ago con- 


Relative 
Photometric 
Intensity 


Source 


Daylight (sky)............. | 
Tungsten lamp........... LO 
Tungsten lamp............. 8 
Tungsten lamp............. 4 
Tungsten lamp............. 2 
Tungsten lamp............. | 


and from tungsten 


ament lamp, for equal photographie exposures and various photometric 
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The full extent of the visible spectrum is not shown owing to 


Ne INSeNnsSItivity of the plate for those wave lengths. 


les, and consequently of the ex- 
e activity of the manufacturing 
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, ls a case in point. It is per- 
t here to ask the question whether 

there actually is more eye 

| | now than there was a genera- 
so ago; or whether the demands 

Ur eyes made by modern civill- 

especially in our cities, have 


brought to light such defects 





cluded that artificial Light is in itself 
pernicious only when misused; that 1s, 
when insufficient, or when applied in 
the wrong place. 

The lighting question has as many 
phases as any other circumstance in 
There 


fifty thousand blind persons in this 


our surroundings. are some 


country, and lighting is a matter of the 


highest least the 


importance to at 
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remaining one hundred = and __ five 
millions. 

There are two phases to be con- 
sidered with reference to the use of 
light, as with respect to any other of 
our surrounding conditions. One = is 
its effect on our individual welfare; the 
other, its effect on our usefulness as 


productive members of the com- 


munity. When we come to consider 
these in detail, we find that they are 
more or. less interrelated: that, in 
fact, our usefulness to ourselves and 
the 


which we are units are not 


our usefulness to group within 
far from 
identical, 

The personal welfare of the individ- 
ual has several aspects with reference 
to the lighting, not only of the actual 
workplaces, but also of the other places 
about the plant where he must go. 


The lighting of the work must be such 


as not to impair his health. Here, 
of course, lis vision is of the highest 
interest. Further, the lighting of 
other parts of the works has to be 


considered: in relation, first, to general 
sanitation. Dark places are apt to be 


neglected im cleaning and become 
Cyood light in toilet rooms gives 
least, to 
chances for infection of various sorts. 
And finally, but of no minor impor- 


tance in the matter of the health of 


dirty. 


aun opportunity, cut avoid 


the individual, we must consider such 
intangible ‘mental’ influences as com- 
fort the 
spirits venerally, 


and maintenance of good 
In a somewhat different class is the 
that light 


Obviously, relative freedom 


contribution can make to 
safety. 
from accidents can be achieved by the 
adequate lighting of corridors, stair- 
Ways, and the various necessary dan- 


ver points in and about the works. 
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Warning signs are of no avail wit! 
sufficient light to make them legi) jo. 
which is to say nothing of the ligh: jo 
of the actual situations themse}yos 

It should not require argument {5 
show that such conditions as favor the 
welfare of the individual worker, eqod 
lighting for instance, must necessarily 
react to the advantage of the business 
The saving of the time of an experi- 
enced employee, lost through preven 


— 


able accident or illness, is the most 
Similarly, con- 
ditions which make the work possible 


obvious case in point. 


with less bodily strain, for example. 
eyestrain, can hardly result otherwise 
than in increased output of work, } 
making unnecessary the frequent ces- 
sations or relaxations that constitute, 
in the Y 

fraction of the time that 
the payroll. 


aggregate, no insignificant 


appears on 


Over and above the considerations 
just enumerated, we will all probably 
have to admit, sooner or later, that 
even such apparently irrelevant things 
as the personal comfort of the workers, 


GOOUL 


and their general cheerfulness, 
spirits, buoyancy or feeling of well- 
or whatever we may choose to 


will lighten their efforts and 


being 
eall it 
make possible the same work with 
less expenditure of time and strength, 
the same 
time without corresponding increas’ 


or more ettective work in 


in the fatigue and bodily wear and teu 
The avoidance of glare, caused |» 
undue amount of light directly 

the lighting units entering the eve- 
the workers, is Important for con 

as well as for efficient vision and [rce- 
dom from eyestrain; and a_ ple: 
outlook on the worker's surrounds 
makes for cheerfulness and willing! 
It is not expected that the insic 
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the factory will ever come to look like 
-he interior of a palace, but at least the 
avoidance of ugliness can be aimed at, 
even if positive beauty of environment 
cannot be attained. This may be done 
by attention to the paint on the walls 
and the ceilings, to the other elements 
of interior finish, and to the disposition 
of fixtures and movables which have to 
be in sight. Attention to the amount 
and distribution of the lght falling 
upon these things follows as a matter 
of course, in consequence of the 
obvious and much neglected fact that 
the appearance of all things to the eyes 
depends entirely on the lighting of 
them, and is nothing at all without it. 
The cost of such improvements may 
be charged to welfare; but a subse- 
quent comparison of output with pay- 
roll may make this unnecessary. 

It will be noticed that in the fore- 
going discussion fundamentals have 
been treated which are quite general 
to the subject of industrial hygiene, 
which are at the present time of 
increasing importance in _ factory 
management, and which are receiving 
consideration from many points of 
view other than that of lighting. 
These fundamental considerations are: 
the safety, health, comfort, and gen- 
eral mental well-being of the producing 
workers. It has been the especial 
object here to emphasize how, by 
proper attention to the lighting, these 
nay be furthered and, moreover, to 
indicate that properly designed light- 
‘ng improvements may be expected to 
justify themselves not only from the 
standpoint of humane sentiment but 
also from the standpoint of business. 

With respect to the efficiency of the 
worker these may be designated as the 
indirect advantages of good lighting. 


There has been a body of evidence 
collected, however, to show in a strik- 
ing way that good lighting has a very 
direct result in production. Such evi- 
dence is of two types: first, the statis- 
tical study of the actual output of 
groups of operatives under different 
systems of lighting; and second, the 
analytic study of the process of vision 
in the laboratory with respect to light 
intensities and distributions on the 
one hand, and the time consumed in 
the various phases of the physiologic 
process of vision on the other. To 
these might perhaps be added a third— 
the intermediate procedure of measur- 
ing the gross time of some visually 
controlled operation, such as reading, 
in the laboratory. 

Of the over-all production tests in 
the factory we may here cite one (1). 
This test was performed in a factory 
in Ohio. The work, done by a group 
of operatives who acted as subjects, 
consisted in the inspection of various 
steel parts of roller bearings, examin- 
ing them for defects in the material 
and for imperfections in the machine 
work which had been done on them. 
This was all a part of the routine 
factory work. ‘The subjects were not 
informed that any test was being run, 
and the experimental records of the 
work done were taken from the regular 
factory records. ‘The final results are 
stated as the average number of pieces 
inspected per person per hour, and 
they represent work extending over 
a period of ten weeks. The first two 
weeks the ‘‘old” lighting system was 
used which gave about 5 foot candles 
including a certain amount of daylight. 
This was then permanently abandoned 
in favor of three well-designed test 
systems, giving respectively 6, 18, and 
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20) foot candles on the work tables. 
These were used in irregular order, 
each a week at a time. 

Yhe results yielded averaged for 
the old system, 5 foot candles, 407 
The results 
for the new system averaged: 6 foot 
candles, 424 pieces; 13 foot candles, 
440 pieces; and 20 foot candles, 458 
The increased production 
which aeerued to the business from 


pleces inspected per hour. 


pleces. 


these results amounted to 4,8, and 12.5 
per cent. of the payroll respectively, 
since the workers were paid on the 
For the four lighting 
systems, the cost of current and lamp 
renewals was estimated as 0.3, 0.8, 
1.6, and 2.4 per cent. of the payroll 
respectively; that is, for anyone of the 
three “‘new’’ systems of lighting, not 
over one-fifth of the correspondingly 
increased effectiveness of the payroll. 
This comparison is shown graphically 
in igure 2, taken from a recent book 
by M. Luckiesh (2) which summarizes 
and discusses a large amount of ma- 
terial relevant to the subject of this 
paper. It will be noticed that even 
at 20 foot candles there is no indication 
of diminishing returns, and one is 
tempted to ask what will happen at 
even higher illuminations. It would 
seem that in providing better lighting 
we are shaving down the time lost 
in the visual process, which cannot 
itself be more than a fraction of the 
total time and which becomes a less 
significant part of the whole the more 
it is reduced. Thus a diminishing 
advantage is to be expected at some 
point or other. But since, in this case, 


hourly basis. 


the increased production at 20 foot 
candles is sufficient to pay for 100 foot 
candles, it is safe to say that the same 
experiment conducted anywhere be- 
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tween these limits would entail yo 
monetary loss. 

So much for the efficiency aspect of 
these tests. It is time to examine 
them from the aspect of hygiene. Tp> 
most illuminating engineers it is an 
unheard-of and preposterous thing to 
propose 100 foot candles as a practical 
thing. It has been difficult to get 
factory management to consent to as 
much as 20. The cost appears un- 
justifiable and _ prohibitive. From 
other quarters come other adverse 
arguments. The intensity of the light 
will ruin the eyes of the workers. The 
intense light acts as a stimulant and 
whips up the workers to a grade of 
activity that will wear them out. 
And a very real question to be solved 
in this connection is that of the heat. 
For equal visual effect our artificial 
lights are much stronger in the long- 
waved (red and infra-red) energy than 
is sunlight, so that at increasing in- 
tensities their heating effect will sooner 
or later become a serious problem. 

We have, however, seen the cost of 
the light justify itself, and engineering 
can take care of the heat for some time 
tocome. But what about the terrible 
effects on the eyes of the worker? 
And the ruinous effect of stimulating 
him by a flood of light having the 
enormous intensity of 100 foot candles? 

A glimpse into the history of lighting 
will perhaps explain how such views 
have come to be held. The old- 
fashioned candle has a luminous in- 
tensity of about 1 international candle, 
and gives an illumination of 1 foot 
candle at a distance of 1 foot. A 
yard away it yields one-ninth of this. 
Later, with the advent of oil lamps, 
kerosene, gas, and electricity, the illu- 
minations in use naturally rose as the 
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means became available without exces- 
-jye cost. Until quite recently 5 to 10 
‘oot candles were considered high 
‘atensities to use in artificial lighting 
practice. Today, as may have been 


energy? Would he expect to be over- 
stimulated into shoveling the snow off 
the front walk with such energy that a 
rest cure would be necessary? ‘The 
fact seems to be that few lighting 
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Fig. 2.—Increase in production due to improved lighting 
and increased illumination, compared with the cost of the 
same. Data of Hess and Harrison. 


gathered, 20 foot candles are being 
practically used, but are, perhaps, not 
yet beyond the experimental stage. 
On the other hand, the sunlight, 
under which human eyes have worked 
and evolved for centuries, rises as 
ugh as 10,000 foot candles in moder- 
‘latitudes, and it is a despiritingly 
uk day indeed when the illumination 
der the overcast sky in the open 
oes not exceed 500 foot candles. 
Nould one think for a moment. in 
going out into a gray day into the 
Jumination of 500 foot candles that 
1e was in danger of injuring his eyes 
YY exposing them to this “terrific’’ 


experts have given enough attention to 
daylight to be alive to these facts con- 
cerning its usual out-of-door intensity. 
Their concern has been to furnish 
artificial light, of which the candle is 
the prototype and the unit; and to 
keep the cost down. ‘The result has 
been that intensities of artificial light 
have been thought of only in them- 
selves, and not in terms of the 
daylight intensities commonly en- 
countered and accepted by human eyes 
for centuries. Conservatism is a 
natural resistance to innovation and 
has no doubt frequently been an 
effective protection to the human race 
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against radical changes of dubious or 
negative value. Nevertheless, even 
when it is to be respected, its defenses 
are often plausible rather than in 
accord with the known facts. 
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I'1G.3.—Comparative speed of reading for 
a group of subjects. A, Old English text, 
black letters on a ground having 23 per cent. 
reflection factor. B, the same on a white 
ground having about 80 per cent. reflection 
factor. The two sets of values have been 
arbitrarily represented as 100 at 4 foot 
candles, to show the relatively greater 
increase in speed for the more difficult 
object, A. 


It will be profitable now to turn 
from the factory tests, such as have 
just been described, to some of the 
results which have been attained in the 
laboratory. The nearest comparison 
to be made is with some results on the 
speed of reading (3). In this experi- 
ment, columns of reading matter were 
mounted on a slowly rotating drum 
and viewed by the subject. The text 
was covered, except for a very few 


lines, and the subject was required {o 
adjust the speed of rotation of the 
drum so that it tallied with the rate a} 
which he could read the text aloud. 
The text was in Old English type, re- 
produced photographically to give, 4 
(Fig. 3), black letters on a gray back- 
ground having a reflection factor of 
23 per cent., and, B, black letters 
on a white background, the reflection 
factor being 80 per cent. The speed 
of the drum for each trial with 4 
number of different illuminations was 
read from a speedometer attached to 
the drum and a number of subjects 
were used. 

Naturally, the speed of reading A 
was lower at every point than for B. 
However, the relative gains with in- 
creasing illumination are shown in the 
figure, where in each case (A and B) 
the speed at 4 foot candles was put 
at 100 per cent. The outstanding 
point is that with an object more 
difficult to see, in this case owing to 
the low contrast between type and 
paper, a proportionately larger gain 
is found with an equal increase in the 
amount of light. This general fact 
will appear again later. 

It has been of interest to turn from 
these facts, which are the over-all 
results of timing complete physiologic 
operations, and ask ourselves questions 
as to how this shortening of the time 
comes about. To begin to answer 
these, we are obliged to analyze, as 
far as we can, the physiologic opera- 
tions concerned. 

The ‘‘work’”’ done by the experl- 
mental subject, whether in the factory 
or in the laboratory, is in every case 
a series of muscular reactions some of 
which (more or less, in different kinds 
of work) are of necessity visually con- 
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‘rolled. Nearly all of our activities, 
ordinary or otherwise, are more or less 
under the control of vision. We would 
not get far with them in the dark, nor 
with our eyes closed. And yet, 
within our total activity there are 
many periods of time, longer or shorter, 
during which we could get on equally 
well with our eyes closed. Such times, 
in the aggregate, can be subtracted 
from the total as not relevant to 
lighting. In such tests as have just 
heen described, and by reason of the 
method selected, they constitute a 
dead fraction of the time considered, 
which contains no activity that can 
conceivably be either delayed or has- 
tened by any change in the lighting. 

The visually controlled reaction, 
stripped of as many complications as 
possible, figures in the reaction-time 
experiment of the psychologic labora- 
tory. The subject has presented to 
him, let us say, one of not less than 
two different visual objects, a and 5, 
of as nearly equal difficulty for vision 
as possible; and he responds to it by 
speech, or some other movement, in a 
way that must be appropriate to the 
object according to some prearranged 
plan—e.g., he presses a key under his 
right hand for a, one under his left 
ior b. he time that elapses between 
the presentation of the object, a or b, 
and his response to it is measured and 
constitutes the reaction time for that 
particular case. 

it is not the purpose at present to 
discuss the niceties of reaction-time 
measurement, nor to discuss the im- 
plications of the results, once a large 
number of them have been made and 
statistically tabulated. Suffice it to 
ay here that the reaction of a subject 
as just described is a visually con- 


trolled reaction, of a type that has 
purposely been made as simple and as 
free from complications as_ possible. 
A certain clarity has thereby been 
gained, at the expense of the fact that 
such a reaction is to a certain extent 
removed from its place in the totality 
of human activity. 

In the light of physiology as at 
present understood, a simple reaction 
of this sort may be analyzed into not 
less than three parts, the division being 
due to the limitations of our experi- 
mental methods arising out of the 
situation itself. There is, first, the 
impact on the sensitive end-organs of 
the retina of the light from the visual 
object and the ensuing neural impulse 
traveling the optic nerve to the brain; 
and, third, the neural impulse travel- 
ing outward, finally from the spinal 
cord, and initiating the muscular con- 
tractions which constitute the re- 
sponse. The second segment of the 
reaction, intermediate in time between 
these two, is the poorly understood 
and probably highly complex! activity 
in the central nervous system which 
determines the linkage between these 
two and conditions the appropriate- 
ness, or otherwise, of the response to 
the stimulus. 

Much of the complexity inherent 
in this total process may be avoided 
if we limit our attention to the very 
first part of this train of events and 


1 The complexity of such a simplified 
reaction is not lessened by the fact that its 
removal from the total of the subject’s 
activity can never be complete. That is, in 
addition to the principal stimulus and the 
principal reaction which it is designed to 
study, the organism is subject to (1) other 
objects acting upon the sense organs during 
and also prior to the time of experiment, 
which tend to set up (2) reactions other than 
the one which it is proposed to study. 
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study the time that elapses, beginning 
with the very first impact of light on 
the retina and ending when the result- 
ing neural disturbance in the end- 
organs reaches a grade which is ade- 
quate to determine the response. Over 
and above the relative simplicity of 
the event that it is proposed to study 
here is the advantage that this is the 
portion of the whole reaction time that 
may most reasonably be expected to 
show consistent variations with such 
things as the character and amount of 
light falling on the visual object, and 
with the light distribution. The ex- 
perimental technic involved is_ not 
difficult to describe. <A test object is 
provided which can be abruptly ex- 
posed and abruptly cut off, with aux- 
illary devices to control and measure 
duration of exposure. By trial, the 
duration of exposure is found which is 
the threshold forappropriate response. 

A number of pieces of laboratory 
research have been carried out, using 
methods essentially of this descrip- 
tion (4) (5), the ultimate object in 
view being knowledge of the effect of 
illumination conditions on the rate at 
which work can be done. As is usual 
in this sort of work, rather wide 
differences have been found between 
individuals. On the other hand, the 
changes with changes in the illumina- 
tion have been found generally con- 
sistent, and it is to the latter especially 
that attention is to be ealled. 

What has been found almost without 
exception is that the necessary time of 
exposure of the test object is shortened 
by increase in the intensity of the 
light, other things being equal. ‘That 
is, the ‘‘speed of vision’’? (unity divided 


2The terms “‘speed of vision’ and 
“speed”? in this connection are perhaps 


by the time of exposure) has been jp- 
creased, and this continued as far as 
the experiments have been carried, up 
to about 100 foot candles. The one 
exception found is that of a test object 
of such character and of such large 
dimensions (curve I, Figs. 4 and 5) 
that it is no longer critical for vision. 
For this test object the time was not 
reduced by increase in the illumina- 
tion beyond about 40 foot candles. 

The test object in this case con- 
sisted of two parallel black rectangles 
(b, Fig. 6) on a white ground. This 
could be shown in either the vertical] 
or the horizontal position, and was 
preceded and followed by patterns 
a and c, presented in such a way that 
the three were successively centered 
at the same point in the visual field. 
The time given is that during which 
the test object 6 is exposed. In the 
case of curve I, Figures 4 and 5, the 
width of the bars was 6.35 mm., repre- 
senting a visual angle of 3.64 minutes. 

With a test object of one-half these 
dimensions (3.18 mm., subtending a 
visual angle of 1.82 minutes) a differ- 
ent result appeared, the time was 
longer (lower “‘speed’’), as might b: 
expected, but it did not appear even 
up to 100 foot candles that a limit 
had been reached. The appearance 
of the curve (II, Fig. 5) does, however, 
show some indication that an optimum 
might be reached if the experiment 
were to be carried to still higher 
brightness levels. 

Removal of the confusion fields 4 
and c, Figure 6, gave the result shown 


in curve III, which is to be compared 


misleading when applied to a quantity 
which, as will appear, has no practics! 
meaning but only the mathematical s!¢- 
nificance stated. 
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urve II, since the test. object 
h) was of identical size in the 
Incidentally, the 
eal of the time is plotted against 


when 


uses. 
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| }.—The threshold times of exposure 
I object ror Various conditions, and 
ehtnesses of ground equivalent to the 
is iluminations given, upon a diffus- 
rtace ot SO per cent, reflection tactor. 
Smallest dimension of test object O30 
Which subtends a visual angle of 3.64 
ites at the subject’s eves, 6 meters 
Contusion preexposure and postex- 
patterns used (a, b,c, Fig. 6 
Test object reduced in size TO ONnC- 
o.1S mm., subtending a visual angle 
‘2 ininutes. Otherwise the same as I. 
Same "1S e. byvit “l and GC lig. t) 
ith the result that 6 rose out of 
roken field equal in brightness Lo 


garithm of the brightness, as in 
», this 
straight 


relation appears as a 


line, which makes it 
to express the relation inthis 


liar case, within the limits elven, 


ins of a fairly simple mathe- 


IN TH INDUSTRIES 


LQ 


matical formulation, should one care 
to do so. 

In drawing conclusions from results 
such as these it must be remembered 
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kia. 5.—The data as Figure 4, 
plotted iis ‘speed’ reeiprocal of the time 
against the logarithms of the corresponding 
Illuminations. The small circles show thi 
original data, 


I, 1, and IIT. 


Same 


The Same as in lye ire | 


that 


scen on a white background of approxt- 


the test object was invariably 
mately SO per cent. reflection factor. 


which is such that 1.16 foot candle 
were required for each millilambert of 
brightness. lor backgrounds of lower 


reflection factors (gray or dark) the 


ilhimination would have to be dn 
creased in inverse proportion to make 
the the 

] 


As most of the materials on which wor! 


surface of Sane brightness 


Is done have reflection factors less than 


those of so-called white surfaces, anc 
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many of them far below, it may be seen 
that for such cases the illumination 
would have to be correspondingly 
increased, moderately or greatly as the 
case may be, to make the brightness of 
the work equal to that of the experi- 
ment. To illustrate: In Figures 4+ and 





S = GY 


a b 


centage increase of production j; 
shop. We have already shown 
the time consumed by that par of 
the total work which can be fajp) 
‘alled visually controlled reaction. js 
only a fraction and an undetermined 
fraction of the whole time of work: and 
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hia. 6.—The test object referred to under Figures 4 and 5, 
Il, netual size seen at 6 meters. The three elements, a, b, 
and c, appeared successively at the same place, a being in 
place 3 units of time, bl unit, andc¢ remaining at the close. 
The test objeet proper, 6, could be shown horizontally, as in 
the figure, or vertically, and the threshold time of exposure was 


5, a and ec were omitted, 

5, 1f we wished to estimate the results 
incase a dark gray test object had been 
used instead of white, having a reflec- 
tion factor of S per cent. instead of SO 
per cent., the foot candles should be 
multiplied by 10. But even then our 
correction is only partial, for since the 
Ink of thetest object, supposedly black, 
has itself a finite reflection factor, by 
raising the illumination we have multi- 
plied its brightness by 10, while that 
of the ground has merely been kept 
constant. Thus a lower contrast 
results under the hypothetically in- 
creased illumination. 

There is a further point to be con- 
sidered in the attempt to find practical 
application of such results as appear 
in Figure 5. It would be a= gross 


. 


error to reason from “speed” as if 


appears in the plot, to an equal per- 





found for appropriate response to it. In II], Figures 4 and 


further, it has been shown that of a 
visually controlled reaction only a 
fraction of the time has been measured, 
namely, that portion of the time which 
ean be most plausibly assumed. to 
depend on the lighting conditions. It 
remains to estimate, if possible, the 
effect that a change in the latter may 
be expected to have on the over-all 
result; that is, on the time relations 
of the total physiology of production. 
To gain an idea of what is involved 
here it will be necessary to. rele! 
briefly to the eye movements. 





The eyes are seldom still for more 


than an instant of time, and_ the 
seldom if ever move uniformly. ‘Then 


movements: may be compared best, 


perhaps, to those of an active cric’ 


or grasshopper, and consist of quick 


jumps from one point in the vi 
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seld to another, with brief pauses 
hetween jumps. While in rapid 
motion they are not able, of course, 
‘o receive a Clear impression. The 
effective impression is made only 
during the pause, or when the image 
‘¢ stationary upon the retina. In 
actual work, this is the limited time 
during which the visual object can act,’ 
and which corresponds closely to the 
time of exposure in the experiment, 
measured out by the laboratory 
apparatus external to the eye. A 
glance of the eyes in the shop is the 
exact parallel of the mechanically 
controlled exposure time in the labora- 
tory. And what happens in the 
laboratory may be expected to happen 
inthe shop. In any particular case, if 
the condition of the retina, the size, 
distance, and contrast of the visual 
object, and the illumination upon it, 
are such that the impression made 
upon the retina within the limited time 
is sufhcient properly to control the 
ensuing reaction, the reaction will be 
appropriate. And, per contra, if the 
conditions are such that the time is 
inadequate, it is only by chance that 
the reaction may be right. This is 
essentially an “all or nothing” situa- 
tion. The attempt to see is either 
successful or it is not. 

Just what loss is involved in the 
shop by the failure to see at a glance, 
it is difficult to estimate. It is cer- 


* The time relations of the eye move- 
ments have been measured most accurately 
by photographie registration. The move- 
nents take place in about 0.04 to 0.06 
“cconds, The intervening fixation pauses 

‘ve been found to be from 0.04 to 0.24 
“econds’ duration, but perhaps not effective 
tow 0.07 to 0.1. It would seem possible, 
iowever, that in practised routine work 
ider the most favorable lighting condi- 
ns the effective pauses may become 
» orter than this. More facts relevant to 
‘418 point are to be desired. 


1 } 
’ 


tainly not to be expected that it will 
be exactly the additional time that 
would be required for successful seeing. 
This would presuppose the retraining 
of the worker’s eye muscles to a some- 
what longer pause to suit the condi- 
tions. If this happens, and when it 
happens, it will perhaps be the best 
compromise that he can make with his 
conditions. On the other hand, the 
loss may be much greater than this, 
for a failure is a failure, and involves 
at least the time required for another 
trial. Over and above this, the con- 
tinuity of the worker’s total activity is 
interrupted, z.e., a false movement 
occurs. Or, in the absence of a false 
movement an out and out mistake is 
made without interruption. Beyond 
this we will leave it to the imagination 
to estimate the loss, referable to the 
worker we are thinking about and 
referable also to the further course of 
production, under the headings: loss 
of time; exasperation; spoilage; loss 
of labor expended on defective ma- 
terial further on in the course of pro- 
duction; expense and loss of goodwill 
following the sale and delivery of 
the defective product. 


SUMMARY 


In this article it has been attempted 
to give some idea of the minute 
analysis that is being made of the 
operation of vision, as in industry. 
The fundamental character of some 
of the laboratory work done on the 
way has made it, perhaps, of less 
direct application than practical shop 
tests of production, or certain labora- 
tory tests which have the similar 
characteristic of measuring the over- 
all activity. The agreement in the 
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results obtained by the two methods is 
nevertheless gratifying, and the funda- 
mental work, in spite of its indirectness 
of application, points the way for 
further practical experiments. 

The benefits of increased illumina- 
tion are especially to be realized in 
situations where the work, by reason 
of the darkness of its material, or by 
reason of the lowered contrast or small 
dimensions of its critical details, is 





THE JOURNAL OF INDUSTRIAL HYGIENE 


intrinsically difficult to see. This jg 
perhaps the natural consequence of the 
fact that hitherto, in artificial lighting 
practice, economy of light has been to 
much emphasized. ‘The realization of 
the advantages of abundant light has 
apparently no more than begun with 
the highest intensities (20 foot candles 
or thereabout) at present being used 
in some places and urged in others by 
the lighting engineer. 
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THE ENGINEERING-HYGIENIC ASPECTS OF DUST ELIMINATION 
IN MINES* 


DANIEL HarrinGcTon, E.M. 
Salt Lake City, Utah 


INTRODUCTION 


HE occurrence of dusts in mines 
confronts the mine worker 
and mine operator as well as 

all others interested in health and 
safety in mines with many difficult 
and, in some instances, contradictory 
and conflicting problems; and as a 
consequence, there are many mis- 
conceptions as to the actual effect of 
most mine dusts or as to remedial or 
alleviating measures. Moreover, 
much of our knowledge of the effect 
of underground dusts in both coal and 
metal mines, whether as to health or 
as to safety, has been gained largely 
during the past twenty-five years; 
and there has been a _ considerable 
amount of generalizing from some local 
condition or occurrence rather than 
an arrival at conclusions after ex- 
tended studies and observations both 
in mines and in mining camps involv- 
ing as many different mining localities, 
conditions, ete., as could be secured 
with reasonable expenditure of time 
or financial outlay. 

This paper is based on approxi- 
mately eight years’ definite study of 
the effect of mine dusts on health and 
safety, which was made through the 


= 1.) i ° . . Q- 
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United States Bureau of Mines in 
co-operation with the United States 
Public Health Service, more or less 
directly under the writer’s supervision. 
Intensive study was made in more 
than 100 coal and metal mines and 
mining communities in twenty-five 
states of the Union, and a more 
limited amount of underground obser- 
vation was made in probably more 
than 100 additional mines and in their 
camps. 

From these investigations and ob- 
servations, as well as from the investi- 
gations and observations of others, it 
would appear that any mine dust— 
whether of coal or metal mine—which 
is insoluble or soluble with difficulty 
in the fluids and tissues of the respira- 
tory organs is likely to be harmful 
ultimately to the health of under- 
ground workers if it is present in the 
air in minute form and is breathed in 
large quantity over large portions of 
the working shift. Some soluble dusts 
also are decidedly harmful. It appears 
that the quantity of dust in the air 
breathed more or less continuously, to- 
gether with its lack of solubility, 
governs the hygienic harmfulness of 
dust to workers much more than do 
the specific physical or chemical qual- 
ities of the dust itself; this does not 


mean that air containing a_ large 
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quantity of finely divided flint dust or 
similar hard, sharp, insoluble material 
is not likely to be more harmful than 
air containing a similar quantity of 
less inherently harmful dust such as 
very fine limestone dust, or coal dust, 
or shale dust. The breathing of com- 
paratively small amounts of finely 
divided free silica or similar hard, 
sharp, insoluble dust is, however, likely 
to be much less harmful to health than 
the breathing of much larger amounts 
of less inherently harmful dust such 
as that from coal, shale, hematite ore, 
or limestone. Moreover, the dust of 
free silica (probably the most harmful 
of dusts in mine air) does not always 
take a form equally harmful; some 
ores, such as silicious schist for in- 
stance, with a free silica content of 
60 to SO per cent., have dust which is 
much less sharp and probably much 
less insoluble than other ores such as 
those of flint or chert which also have 
60 to SO per cent. free silica, the dust 
of which is, however, very hard and 
sharp. 

Physical examination of miners 
shows that men who work in very 
dusty places in coal mines have very 
definite respiratory disease, whether 
the dust 1s from coal only or from a 
mixture of coal with rock or shale or 
clay. Men have worked in coal mines 
and have then gone to work in dusty 
metal mines and become affected by 
miners’ consumption, or have worked 
in metal mines and later on succumbed 
to respiratory disease after having 
worked in dusty places in coal mines. 
While dusts insoluble in the fluids and 
tissues of the respiratory organs are 
chiefly responsible for respiratory dis- 


ease in miners, there are certain 


soluble dusts of lead, arsenic, and 
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other ores which are definitely poison. 
ous or which result in definite harm tp 
the health of workers. 


Sources OF Dust IN MerTan ayy 
CoaL MINES 


In Metal Mines.—The main sourees 
of air dustiness in metal mines in the 
order of their importance are: dry 
drilling of holes for blasting purposes- 
the dry drilling of holes pointed up- 
ward, especially those from about 7()° 
to vertical, is in general the worst: 
blasting; shoveling, or ‘mucking,’ 
of very fine dry material at the work- 
ing face, which is usually poorly 
ventilated; loading cars from chutes: 
dumping loaded cars into chutes; and 
timbering. Dry crushing and other 
occupations in metal mine mills also 
have dangerously dusty conditions. 
One such mill in Nevada, long since 
abandoned, caused so many fatalities 
that the death certificates of the 
victims showed the cause of death as 
dust from this mill, giving it the 
name of the mill. 

In Coal Mines.—In coal mines by 
far the most dangerously dusty occu- 
pation is the cutting of dry coal by 
mining machines. Electrical cutting 
machines usually produce more dust 
than do compressed air machines. The 
undercutting machine sends enormous 
amounts of very fine dust into the 
surrounding air; shearing, 
cutting, or overcutting machines cause 
even more dust than undercutting 
machines. When the cutting is done 
largely in dry clay or shale, the result- 
ant dust is more harmful than whet 
working with coal dust alone. 

Blasting of coal while the shift 1s 
the mine is decidedly dangerous 
because of possible explosions 42? 
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because of the poisonous fumes left; 
+ has the additional very bad feature 
of throwing into the air large quantities 
* very fine dust to be breathed by 


Ol 
workers. Shoveling dry coal into cars 
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frequently have enormous amounts of 
a very finely divided mixture of coal 
and rock or shale dust on haulage or 
travel roads, and while there is no 
danger from dust if the ventilation is 


_o~»4/94 ng. 
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fig. 1.—Dust content of air, by occupation, in a well-ventilated metal mine operating in 
highly silicious ore. Note the high dust content in dry drilling, and the comparatively low 


dust content with wet drills (water leyners). 


and loading dry coal into cars from 
chutes are also very dusty coal mining 
occupations, particularly when pillars 
are being extracted. Some _ coal 
miners drill overhead holes into shale 
or other rock roof to prepare for 
‘brushing”’ shots to increase the height 
of low coal workings; when these holes 
are drilled dry by breast augers or by 
ratchet augers and the cuttings are 
allowed to fall through the air past the 
face of the driller, there is great danger 
from inhalation of the dust. Similar 
use of dry jackhammer type of com- 
pressed air drills either in the coal or 
on the rock or shale or clay of the roof 
or floor, and whether the holes point 
upward or down, gives such dusty air 
that the driller and all persons in his 
unmediate neighborhood inhale enor- 
mous quantities of very fine, more or 

insoluble dust; the condition is 
decidedly bad if the air circulation is 
luggish. Dry coal mine workings 


good, there is a serious hazard if the air 
circulation is sluggish or practically 
nonexistent. 

Quantity —That the quantity of 
dust breathed is the important point 
in the harmfulness of dust is the 
writer’s firm belief, yet to state what 
is that dangerous quantity or what is 
a safe limit is difficult. In South 
Africa an arbitrary limit of 5 mg., or 
300,000,000 particles per cubic meter 
of air, was set; their recent reports, 
however, give the average air dust- 
iness of the working places as but 
1.3 mg. per cubic meter of air. There 
is probably not one dry mine in the 
United States, coal or metal, where the 
average air dustiness of working places 
is as low as 5 mg. per cubic meter of 
air (the South African standard), or 
10 mg. per cubic meter of air (the 
standard set by Higgins and Lanza in 
their study of miners’ consumption 
in the Joplin, Mo., district in 1915). 





2()4 





have worked in the dusty air of coal 
and shale as well as in the dust from 
ores of hematite (iron oxide), calcite 
(limestone), and other essentially non- 
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officials and coal camp doctors who 
are observant and will express them. 
selves. Not only does the breathing 
of large quantities of coal dust giye 




















silicious material shows definite throat or bronchial trouble, as_ jg 
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dry raise in our metal mines. 
entire round of seven holes. 


amounts of lung involvement by X-ray 
as well as by the usual physical or 
physiologic symptoms, but especially 
by shortness of breath. 

The fallacy that breathing of coal 


dust is harmless. or even healthful 


as some authorities maintain, is readily 
exploded by the physical examination 
of coal miners and particularly by 
X-ray examination of the chest, by the 
testimony of coal mining machine 
runners, and by statements of mine 


Sampling was done continuously during the drilling of an 


reluctantly admitted by some 
authorities, but also the usual symp- 
toms of miners’ consumption, includ- 
ine extreme shortness of breath and 
even hemorrhage, are found only too 
frequently. 

Local conditions intensify the harm- 
fulness of dust in the air. Where mel 
work on a contract basis, they exert 
a maximum effort, and hence breathe 
fast and deeply and thereby accumu- 
late maximum dust in the respiratory 
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ho organs. Similarly, where the dusty air continually sweeping through and 
mn © ar is high in carbon dioxide or low past all working faces and_ places. 
- » oxygen, respiration is accelerated Good ventilation (next to the efficient 
ve and the lungs take in a maximum use of water) is the best preventive of 
i; [fe amount of dust. When dusty air is dust disease in mines, but the fresh 
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>. 4.—Essentially the same data asin Figure 3, givenas numberof dust particles per 
ic centimeter of air. 


‘tagnant and of high temperature and pure air must be circulated where the 
humidity, say above 80°F. and 90 men work. 


™ per cent. relative humidity, the body While the writer 1s not free to give 
an is depressed, respiration is accelerated, detailed data as to miners’ dust disease 

and the dust condition apparently gets at specific places, a few figures and 
” iis maximum opportunity to harm the — facts will be given to show how wide- 
_ worker. Since the very fine dust spread is the disease in the United 
a. ‘irom 10 microns down) which can go States. In one metal mining locality 
e into the respiratory passages, when with silicious ore formation, an insur- 
- once suspended in air by any mining ance company reports mortality as 

peration, remains in suspension for over 500 per cent. of the expected 
” Ong periods of time (even with ma- mortality, the excess deaths being due 
_ terial of fairly high specific gravity), chiefly to lung disease; in another 
rt “ie worker is practically throughout metal mining locality with limestone 
he ‘he shift, if the air is stagnant, breath- formation, death expectancy was ex- 
i ng this dust laden air; hence the ceeded by 50 per cent. and again lung 


rv ‘portance of having currents of fresh disease was held responsible for the 
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In general, the average air dustiness 
of working places of our dry metal 
mines runs above 20 mg. per cubic 
meter of air and many run above 50. 
Dry drilling of the upper holes gives 


| 7 mg. « a /8 Ty 





52mg 90.African Standard 
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run nearly 50 per cent. through 299 
mesh and of this a large percentage j, 
probably several hundred mesh. 

In coal mines, the weight of dust jp 
the air is not usually so high as jy 


P32 rg. average ofall mins sir d’3st samples in So.African (Tires ir 138 
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Comparison of dust content of air in a comparatively well-ventilated but dry, 


dusty silicious ore mine in the United States with the South African standard and the 1918 


record of South African mines. 


the air breathed by the driller as high 
as 7,000 mg. of highly silicious dust 
per cubic meter of air, or 1,400 times 
the maximum allowed in South Africa 


and 700 times the Higgins-Lanza 
limit. As an average, dry drilling of 
the upper holes (those above 60°) 


gives about 150 to 200 mg. per cubic 
meter of air; with holes under 60° dry 
drilling gives about 50 mg., while wet 
drilling gives about 5 to 20 mg. per 
cubic meter of air. The cuttings from 
dry drills in metal mines sometimes 


metal mines, owing to the much lower 
specific gravity of coal, but under 
some conditions the count of particles 
is almost unbelievable. Shoveling 
coal in a confined, poorly ventilated 
very dry place gave approximately 
eight billion particles per cubic meter 
of air; numerous places in the same 
mine where men were shoveling gave 
from one billion to four or five billions 
of particles per cubic meter of alr. 
In another coal mine in a place which 
was not unusually dry, where a2 
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andercutting machine was cutting in 
eoal and without use of water on the 
cutting chain, the air breathed by the 
workers had nearly five billion particles 
per cubic meter of air; of these well 
over four billion were less than 10 
microns in size, hence they were prob- 
ably breathed directly into the lungs. 
In these cases much of the eight-hour 
working shift was spent in breathing 
air of essentially the above-mentioned 
type; consequently it is not at all 
surprising that physical examination 
showed much miners’ consumption 
among these coal miners. 


Errect OF AIR DUSTINESS ON THE 
HEALTH OF UNDERGROUND 
WORKERS 


While insoluble dust present in large 
quantities and in finely divided form 
in the air breathed by mine workers 
undoubtedly in itself is likely to be 
decidedly harmful to health in time, 
some dusts are more harmful than 
others, some persons as individuals and 
some nationalities are more susceptible 
to harm than others, and some occupa- 
tions bring out the maximum harm- 
iulness of the dust which is present. 
There may be contributing factors 
such as air of high temperature or 
humidity, or air unduly depleted of 
oxygen or high in gases such as carbon 
monoxide, carbon dioxide, ete., which 
may add to the dust harmfulness by 
lepressing the workers’ vitality; or, 
on the other hand, there may be good 
ventilation with resultant currents of 
pure, cool, moving air or water which 
may be used freely and efficiently to 
alleviate the harmfulness of dust. 

Insoluble dust in mine air generally 
manifests its harmfulness to the health 


of miners as some form of lung disease, 
under such names as miners’ consump- 
tion, silicosis, anthracosis, miners’ 
asthma, phthisis, and pneumonia; in 
addition, dusts undoubtedly are 
largely responsible for much _ bron- 
chitis, and some soluble dusts are 
poisonous. 

It is the writer’s belief that the dusts 
most harmful to the lungs are from 
0.25 micron (possibly as small as 0.1 
micron) up to 10 microns in size and 
that the harm is due chiefly to the 
filling, or partial filling, of lung cells, 
tissues, etc., with dust, hence prevent- 
ing these tissues from performing their 
normal functions. There is additional 
harm from the continual irritation 
caused by these foreign materials and 
by the efforts made to dislodge them; 
possibly, too, there may be harmdone 
by the chemical or other action which 
takes place when the enormous num- 
bers and amounts of the very fine dusts 
are dissolved. That these small dust 
particles are dissolved is inferred from 
the fact that it has been proved that 
very small particles of flint and chert— 
material soluble only with difficulty— 
are definitely soluble in distilled water. 
Dust particles which result in 
bronchitis and kindred diseases are 
probably larger in size—up to 50 or 
even 100 microns. ‘These _ larger 
particles seem not to get into the 
lungs or at least not to remain there, 
but they cause considerable irritation 
in the respiratory passages, and also 
clog the protective devices and pre- 
vent them from intercepting the finer 
dusts from going into the lungs. 

While the dust of free silica such as 
quartz, flint, chert, etc., is probably 
themost harmful of the insoluble dusts, 
physical examination of miners who 
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have worked in the dusty air of coal 
and shale as well as in the dust from 
ores of hematite (iron oxide), calcite 
(limestone), and other essentially non- 
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officials and coal camp doctors who 
are observant and will express them. 
selves. Not only does the breathing 
of large quantities of coal dust giye 
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dry raise in our metal mines. 
entire round of seven holes. 


amounts of lung involvement by X-ray 
as well as by the usual physical or 
physiologic symptoms, but especially 
by shortness of breath. 

The fallacy that breathing of coal 
dust 1s healthful 
as some authorities maintain, is readily 


harmless, or even 
exploded by the physical examination 
of coal miners and particularly by 
X-ray examination of the chest, by the 
testimony of coal mining machine 


runners, and by statements of mine 


Sampling was done continuously during the drilling of an 


reluctantly admitted by = some 
authorities, but also the usual symp- 
toms of miners’ consumption, includ- 
ing extreme shortness of breath anc 
even hemorrhage, are found only too 
frequently. 

Local conditions intensify the harm- 
fulness of dust in the air. Where men 
work on a contract basis, they exert 
a maximum effort, and hence breathe 
fast and deeply and thereby accumu- 
late maximum dust in the respiratory 
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srvans. Similarly, where the dusty 
,jr is high in carbon dioxide or low 
+) oxygen, respiration is accelerated 
and the lungs take in a maximum 
mount of dust. When dusty air is 
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air continually sweeping through and 
past all working faces and _ places. 
Good ventilation (next to the efficient 
use of water) is the best preventive of 
dust disease in mines, but the fresh 
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tagnant and of high temperature and 
imidity, say above 80°F. and 90 

cent. relative humidity, the body 
‘ depressed, respiration is accelerated, 


’ + 


wid the dust condition apparently gets 


‘s maximum opportunity to harm the 
worker. Since the very fine dust 
Jrom 10 microns down) which can go 


the respiratory passages, when 


© suspended in air by any mining 
eration, remains in suspension for 
ng periods of time (even with ma- 
ial of fairly high specific gravity), 
worker is practically throughout 
shift, if the air is stagnant, breath- 


‘ug this dust laden air; hence the 


rtance of having currents of fresh 


pure air must be circulated where the 
men work. 

While the writer is not free to give 
detailed data as to miners’ dust disease 
at specific places, a few figures and 
facts will be given to show how wide- 
spread is the disease in the United 
States. In one metal mining locality 
with silicious ore formation, an insur- 
ance company reports mortality as 
over 500 per cent. of the expected 
mortality, the excess deaths being due 
chiefly to lung disease; in another 
metal mining locality with limestone 
formation, death expectancy was ex- 


ceeded by 50 per cent. and again lung 
disease was held responsible for the 
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excess. In another metal mining dis- 
trict physical examination showed that 
at least 20 per cent. of all mine 
workers had silicosis, and of the men 
who were examined physically and 
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Kia. 5.—Comparison of dust content of air ina dry metal mine during drilling with 3 
dry stoper, with the dust content during drilling with a wet stoper, even when the work- 
men were unfamiliar with the correct handling of the wet stoper. 


Dry Stoper Wet Stoper 


Number of feet drilled............ 00... c cece cece eee eeeecs 27 26 
Actual drilling time, minutes............. 0.00.0 ce eee eeeee 4] 39 
Total elapsed time, minutes.............0 0.00. ccc eee ue eeees 50 80! 
Average dust per cubie meter of air in milligrams.......... 116.1 26.1 — 
Average dust per cubic meter of air in millions of particles.. 11.180 8. 000 


1 Does not include 45 minutes taken for lunch. 


had worked only in that district less 
than 5 per cent. were free from the 
effect of dust in the respiratory organs. 
In a metal mine in hematite ore with 
a very low silica content, about 60 
per cent. of those examined physically 


mitted by the company, but a miner 
whose health broke down and who 
threatened suit alleging miners’ con- 
sumption was given compensation 12 
preference to fighting the suit. In a 
metal mining district with ore 1! 
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-aleite (limestone) gangue, consider- 
‘ble miners’ consumption was found 
although the mining company alleged 
‘hat it was brought in from other 
camps by those who were afflicted. 

Mortality statistics of the coal min- 
‘ng counties of one state over a five- 
year period showed deaths of coal 
miners from respiratory disease as 36 
per cent. of the total deaths if acci- 
dental deaths were excluded; farmers 
bad 25 per cent. and “All Other Males’’ 
about 30 per cent. of deaths due to 
respiratory diseases. In another state, 
‘he coal mining mortality record (ex- 
cluding accidental deaths) showed that 
36 per cent. of coal miners died of 
respiratory disease against 20 per cent. 
for farmers and 26 per cent. for 
“All Other Males.” In a large coal 
mining locality about 25 per cent. of 
the old-time miners were given phys- 
ical examination; 25 per cent. of those 
examined had definite lung trouble 
and nearly 37 per cent. additional had 
slight lung involvement. In another 
coal mine with totally different condi- 
‘(ions and in a different part of the 
United States, about 25 per cent. of 
ihe underground employees were given 
physical examination and about 40 
per cent. of these showed definite lung 
involvement. In a number of. in- 
stances, especially in the western coal 
inining states, machine runners have 
een so seriously affected by breathing 
coal dust that they had to leave the 
mines and in several cases death en- 
sued within a few years (in one case in 
less than one year after leaving the 
mine), the cause being lung and throat 
‘rouble; this trouble due to dust in the 
‘ungs of machine runners in coal mines 
has been known since about 1913 in 
Wyoming and Utah, and the remedy 
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then applied and now largely used is 
the spraying of water on the cutting 
chain when the machines are working. 

Some individuals seem to have an 
immunity from dust disease; old-time 
miners (with underground experience 
of thirty to forty years in dry dusty 
mines) have told the writer of num- 
erous friends and co-workers who suc- 
cumbed to dust disease yet they them- 
selves seemed decidedly healthy. On 
the other hand, there are records of 
men who were in their graves from 
dust disease within a year of the date 
of first doing underground work; and 
serious dust involvement due to two 
or three years’ underground work is 
not at all uncommon. Racially the 
Finns, the Irish, and the negroes seem 
most susceptible to health harm from 
dust; some insurance companies which 
insure some of the underground 
workers in dusty mines, but with 
higher than normal rate, refuse to 
insure I‘inns at any rate. 


DIFFICULTIES IN THE MAKING AND 
PUBLISHING OF Dust STUDIES IN 
THE UNITED STATES 


While there is absolutely no doubt 
that dust diseases are directly respon- 
sible for the death of several hundred 
coal and metal miners annually in the 
United States and indirectly respon- 
sible for the death or disability of 
several thousand others, unfortunately 
exact figures are unavailable, partly 
because many doctors apparently do 
not know how to diagnose the disease, 
but chiefly for the reason that usually 
in the regions most afflicted a con- 
certed effort is made toward minimiz- 
ing the dangerous conditions. 

Instead of recognizing the menace 
due to the diseases and taking ad- 
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rantage of the available methods of 
combating or preventing them or at 
least making a study of the situation 
with a view to alleviating the harmful 
conditions and their terrible results, 
in most instances there appears to be 
a concerted effort to hide the facts and 
to take as few measures as possible 
toward elimination of the diseases and 
of the ‘ausing them. 
Miners, especially metal miners, whose 
health is most directly affected usually 
refuse to allow themselves to be phys- 
ically examined previous to or during 
employment; they oppose the use of 
wet drills which probably more than 
anything else will remedy the danger- 
ous dust condition and in many in- 
stances they destroy or try to make 
ineffective the water attachments to 
drills; when water is provided to wet 
down the dust, the water is generally 
not used except when the mine boss 
forces the worker to it; and 
workers only too frequently destroy 
or partly destroy ventilation equip- 
ment installed for their safety, com- 
fort, and health. Mine operators or 
officials usually deny the existence of 
miners’ consumption or other dust 
disease among employees, yet fre- 
quently some of the mine bosses them- 
selves are afflicted by such disease. 
Suggestions as to remedial methods or 
equipment such as sprinkling, or the 
use of water in drilling or in coal 
cutting, or the use of currents of fresh 
air to dust held to be 
impracticable or are considered the 


conditions 


mine 


remove are 


dream of the theorist, even though 


these methods or devices are in 
thoroughly successful use in other 
mines or in other localities. While 


sometimes the objection to change is 
due to disinclination or inability to 
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withstand the probable financia] 
lay, frequently the main obstacle j, 
the fact that mine officials of reaction. 
ary type, usually the oldtimer o 
years of experience and more or Jes: 
limited education hates to do any. 
thing that he has not been accustomed 
to doing. 

In some instances after the highe 
officials of mining companies haye 
spent large sums of money to instal] 
equipment with a view to combating 
dust diseases in mines, the mine bosses 
who actually oversee the mine opera- 
tions are not in sympathy with the 
“new fangled ideas,’ and they make 
little or no effort to cause the workers 
to use the preventive methods; some- 
times the bosses are in sympathy with 
the new devices or methods but haye 
not the will power or the ‘‘back bone’ 
to force the mine worker to use the 
new method or device. Where labor 
unions are found around 
‘amps, the leaders either fail to notice 
the bad situation as to health 
workers or are not mentally capable of 
reasoning from effect back to cause; 
in some cases they are undoubtedly 
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subsidized to remain quiet and in most 
instances they are too busy chasing 
the almighty dollar for the workers 
and for themselves to concern them- 
selves with the protection of the health 
of the workers—this is especially 

case since these leaders probably know 
that generally the workers themselves, 
as heretofore explained, are not 1D- 
clined to do their part in protecting 
their own health or the health of thei! 
comrades. | 
neers, business men in general in 


\ 


Doctors, merchants, engr 
community, even those not directly 
connected with the mines, who should 
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(and frequently do) realize the gravity 
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sf the situation as to disease among 
mine workers and their families (as 
-yberculosis frequently intervenes), 
‘om motives of self-interest remain 
siti, Death certificates of victims of 
= diseases are made out as heart 
isease, or Bright’s disease, or almost 
anything but miners’ consumption or 
bronchitis, and newspaper reports indi- 
ate that death was due to a “‘linger- 


ing illness.” 
state laws as to dust elimination in 
mines to prevent disease are usually 


nonexistent; where such laws are in 
existence they are extremely meager, 
and in general they are not enforced 
as the state inspector feels that it is a 
hopeless task to try to fight the entire 
community including the underground 
workers themselves, whose health is 
intimately involved and the health of 
whose families is ultimately involved. 
\loreover, only a small proportion of 
the mining public knows or believes 
that mine dusts are unhealthful and 
ew if any believe that there is possible 
er to health from such dusts as 
coal, shale, limestone ore, and hematite 
ore; it is the almost universal belief, 
wien dust danger is known at all, that 
about the only really dangerous dust 
is silica, and possibly some soluble ores 
ot lead, arsenic, mercury, ete. Instead 
of actually getting physical examina- 
‘ions or keeping up-to-date records as 
the health of miners, old-time 
tisties, some of which are inaccurate 
‘ least inapplicable to present-day 
‘itions in the mines of this country, 
copied and kept in use. 
‘ederal government investigators 


+- 
fivry 


ipting to ascertain actual health 
ditions as to dust in the mines 
the United States, with a view 
correcting any bad 


“ 
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{) aiding in 


conditions which may be found, are 
sadly handicapped in trying to obtain 
first-hand information; and even when 
definite information is secured, it 1s a 
decidedly difficult matter to convey 
the exact truth even to those directly 
interested, and it is practically im- 
possible to give the full data to the 
general public. Federal government 
investigators have no authority to go 
underground in mines (except in a 
few mines on government leased land 
and these are practically all coal 
mines), and mine operators frequently 
refuse to allow access to the mines; 
generally, although by no means in- 
variably, when consent to go under- 
ground is given, it is stipulated that the 
underground observations be made 
without allowing the employees to 
know that the dust problem is being 
studied, hence the worker’s ideas or 
condition or viewpoint are practically 
unobtainable. Physical examination 
of the workers is almost indispensable 
to a definite knowledge of the effect of 
dusts and other underground health 
factors, but only in rare instances were 
physical examinations allowed; some- 
times the company objected, some- 
times the miners objected, and in at 
least one instance state law prohibited 
the taking of physical examinations. 
Since federal investigations of health 
and safety in and around mines are 
dependent almost wholly on the con- 
sent of the operator, it is obvious that 
if the results of such investigations 
should be of a nature which reflected 
unfavorably on the mining company 
or its operating conditions, the publica- 
tion of such data would incense the 
mining companies, and soon not only 
the specific properties involved but 
also their neighbors as well as friends 
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in distant mining regions would pre- 
vent the access of federal employees to 
mines; soon the mines of the country 
would be closed to federal health and 
safety inspection with the practical 
ruination of its usefulness to the min- 
ing industry. 

As a result of this situation all re- 
ports of these federal investigations of 
dust conditions in mines were neces- 
sarily confidential to the federal 
bureaus involved, and copies were 
given to the mining operators. In the 
reports conclusions were drawn and 
recommendations were made which 
were usually (though not always) 
interpreted as criticisms by the mining 
officials, and were usually bitterly 
resented; the investigators were 
attacked as radicals, or theorists, and 
in some cases were violently abused; 
and in few, if any, instances were the 
employees given any knowledge of the 
data obtained. Even where the re- 
ports were the most violently attacked 
by the mining companies, many of the 
recommended practices were ulti- 
mately adopted; the hostile attitude 
assumed, however, prevented both the 
giving of the data to employees who 
might be directly benefited and the 
giving to the public of anything like 
a full or complete report of the con- 
ditions. Some mining companies 
allowed free access to their properties, 
including the privilege of making phys- 
ical examinations of their employees, 
and also consented to full publication 
of the data obtained. It was held 


to be inadvisable, however, to take 
advantage of these offers inasmuch as 
the publication of full data on any 
specific locality or localities might 
cause a demand for like publications 
concerning other localities where pub- 
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lication was forbidden by the Mining 
companies. 

The reactionary attitude of mining 
companies toward federal investiga. 
tors and investigations is due in large 
part to the arbitrary and ill-advised 
actions of so-called mediators and 
investigators of the federal Depart. 
ment of Labor during and immediately 
after the war. While the writer sym: 
pathizes with the mining companies 
with regard to the perniciousness of 
the above-mentioned mediators and 
investigators, still the reactionary atti- 
tude of the operators toward mine dust 
and other health and safety investiga- 
tions in mines prevents the industry 
(including owners, operators, and em- 
ployees) from receiving the maximum 
benefit from studies made by public 
funds, so that not only the mining 
public but also the general public 
(whose interests should not be ignored) 
are deprived of interesting and useful 
data, which thus becomes hopelessly 
buried in files. 


REMEDIAL AND PREVENTIVE MEAs 

URES AS TO DUST IN THE MINEs OF 

SoutH AFRICA CONTRASTED WITH 

SIMILAR MEASURES IN THE UNITED 
STATES 


In the South African mines on the 
Rand about the same number 0 
miners are employed as in all the 
metal mines of the United States. 
About twenty-five years ago a very 
complete health study was started 
resulting in the adoption of drastie 
laws and regulations, which appa 
ently are rigidly enforced and which 
have resulted in a marked decrease! 
the incidence of the disease and of the 
death rate from it. Mines with 1,00 
or more men underground must have 
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men especially detailed on dust and 
ventilation work; whereas only a few 
of the metal mines in the United 
states even consider dust or ventila- 
‘ion, South African mines must have 
sinning water in not less than 1-inch 
pipe within 50 feet of the working 
place, and with a minimum pressure 
of 30 pounds a square inch; extremely 
‘ow of our metal mines, on the other 
hand, have water available near work- 
ing faces. South African mines must 
have water blasts and sprays at or near 
all working faces; few, if any, of our 
metal mines have them. All drilling 
in South Africa must be done with 
drills in which water flows through the 
drill into the hole and prevents the 
formation of dust; most of our miners 
and mine officials insist that “‘it can’t 
be done,” especially in the drilling of 
upper holes. In South Africa all blast- 
ing must be done after the men are 
out and the region where blasting is 
done must be thoroughly wet down 
poth before and after blasting, and 
men may not enter until thirty minutes 
have elapsed after blasting; in the 
United States, however, blasting may 
be done at any time—in general, no 
provision is made to wet places at any 
ume before or after blasting and men 
return to blasted places whenever they 
see fit to do so. South African mine 
traveling ways and ore or rock piles 
must be sprinkled sufficiently to pre- 
vent the presence of dust; very few 
metal mines in the United States do 
anything toward sprinkling, and most 
of the mine operators say it is im- 
practicable. In South African mines 
old workings must be closed, air cur- 
‘ents Inust be split, air dustiness and 
‘hemical composition must be deter- 
mined periodically by sampling and 


analysis, shift bosses must make daily 
record of the use of water against dust, 
and numerous other preventive regu- 
lations practically unknown in the 
United States are in effect and are 
said to be strictly enforced. Carbon 
dioxide must not exceed 0.2 per cent. 
in working places; whereas in the 
United States many of our workers in 
metal mines breathe air with a high 
percentage of carbon dioxide. Carbon 
monoxide must be less than 0.01 per 
cent.; but many of our miners have 
0.05 to 0.1 per cent. of carbon 
monoxide at working places during 
all or a large part of the working 
shift. 

The foregoing regulations and many 
others are, moreover, strictly enforced 
in South Africa, where over 80 per 
cent. of the workers are native Kaffirs 
and the white men present rarely do 
the hard, dangerous work at the face, 
acting chiefly as overseers; on the 
other hand, in the mines of the United 
States, where practically all the work 
is done by white men and where 
natural conditions frequently are even 
more unfavorable than are those of 
South Africa, we have very few and 
very incomplete regulations, and most 
of these are ignored. 


CONCLUSIONS 


The outstanding remedy for the 
bad situation (in many localities a 
most distressing one) in mines is educa- 
tion—education of mine workers in 
the necessity of taking such precau- 
tions as are available; of mine officials 
in recognizing the seriousness of the 
situation and in providing devices and 
methods to reduce or prevent the 
incidence of disease and, if necessary, 
in forcing their adoption on the miners; 
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of the doctors in correctly diagnosing 
disease, giving publicity to its prev- 
alence, seriousness, preventive reme- 
dies, etc., and in death certificates 
religiously assigning miners’ consump- 
tion or other dust disease as the cause 


where such is the case; and of the 
merchants, newspapers, and other in- 
fluences in the community in trying to 
prevent the disease rather than in 
hiding its existence. 

As specific remedial measures for 
metal mines the writer suggests the 
following: Mechanical ventilation 
with definite person or persons in 
charge should be adopted to force 
moving currents of air to every place 
where men work in order to remove 
dust, heat, and gases. The use of 
water should be enforced in all drilling, 
in the sprinkling of ore and rock piles, 
in the wetting of timbers, man and 
haulage ways, and in every place where 
dust may be found. Where possible, 
the blasting should all be done after 
a shift; where this cannot be done 
there should be enforcement of strict 
regulations as to the wetting of the 
region of blasting both before and 
after firing the shots, as to the removal 
of all explosive fumes by adequate air 
currents, and as to the prevention of 
entrance into a blasted place until all 
dust, fumes, ete., have been removed. 
There should also be strict physical 
examination of mine workers before 
employment and at periods of not 
more than six months during employ- 
ment, with prompt removal from 
dangerous underground work should 
unfavorable physical 
found. 

In our coal mines, education is also 
badly needed. The coal mining 


symptoms be 


public, instead of ‘‘standing pat’’ and 
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referring to out-of-date and misleadin, 
English statistics that coal dust ;; 
harmless to health or is even healthfy) 
should make an impartial but striq 
study of dust conditions in coal mine 
(anthracite, bituminous, and lignite | 
paying particular attention to X-ray 
examination of the chest; coal camp 
doctors who have direct knowledge 0; 
the harmfulness of coal dust to under. 
ground workers, especially those work. 
ing on mining machines, should come 
forward with technical articles de. 
scriptive of the situation; and state 
and federal authorities should co. 
operate in making studies and publish. 
ing results as to the health situation of 
workers in dusty places in coal mines. 
The introduction of rock dust into coal 
mines to prevent or to limit explo- 
sions is a long step in the right diree- 
tion toward coal mine safety and, if 
done with judgment, need not intro- 
duce any additional health hazard into 
coal mines; but if the rock dusting 
enthusiasts have their way in the 
placing of rock dust at the already 
(coal) dusty face regions, there Is n0 
doubt that dust disease in coal mine: 
(now present to considerable extent, 
although usually its presence is denied 
will be even more serious than t 

explosion hazard which the rock dust- 
ing is intended to eliminate. If the 
face regions of our dry coal mines a 
kept well watered and the rock dusting 
is done on haulage roads, especially 
those which are well ventilated, or ! 
the rock dust is placed in nonworking 
open places, there will be little or ™ 
health hazard or explosion hazaré 
In the use of water at the face regio. 
water should be piped to all dry iace 
in coal mines and used on the cuttim 
chain while undercutting, overcutti2g 
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center-cutting, or shearing, and the 
‘ace worker should sprinkle the face 
region within 50 to 75 feet of the face 
ribs, roof, floor, and coal pile) at least 
three times daily, as well as sprinkle 
not soak) the top of all loaded cars 
before they leave the face. 

The writer left the service of the 
(nited States Bureau of Mines in 
July, 1924, after about nine and one- 
half years’ employment in the service 
and at present is not in close touch 
with the Bureau or its policies. After 
having had about fifteen years of com- 
mercial mining work (both engineer- 
ing and operating) before entering the 
service of the Bureau of Mines and 
now being again in commercial work, 
it is his opinion that if the mining 
industry is to secure the fullest meas- 
ure of service from the Bureau of 
\ines, an effort should be made to get 
authority for its investigators to enter 
mines and to publish the results of 
investigations; the Bureau ought not 
to be given ‘‘police”’ authority, how- 
ever, to enforce recommendations, but 
should leave it to public opinion and 
the fairness of the mining men of the 
country to adopt such recommenda- 
as are necessary and feasible. 
lt is pure nonsense to say that states 
can do investigative work on the pre- 
vention of explosions in mines, or on 
health and general safety in mines as 
well as that work can be done by the 
federal Bureau; the states have not the 
broad field that the federal Bureau 
jas and state inspection and state in- 
vestigations, or private inspection and 
‘ispectors, are far more likely to be 
controlled by polities or by local 
‘clfish interests than are federal em- 
ploy es who are on civil service. 


) 


‘he present situation where the fed- 


. 


lONS 


eral Bureau of Mines investigators are 
afraid to publish what they find for 
fear of ostracism from mines by mine 
owners, miners’ unions, or others who 
may resent the findings of the in- 
vestigators and in revenge get the 
support of congressmen to withhold 
Bureau appropriations or scale down 
Bureau activities, results in suppres- 
sion of many valuable fundamental 
data and is certainly a condition which 
gives the mining public but a small 
amount of the results for which their 
money is paid out. If the facts as 
to mine safety and health conditions 
in the United States are to be made 
known to those who would be bene- 
fited by them, the Bureau of Mines 
investigators will have to be given 
authority to enter the mines and pub- 
lish reports even if they are not given 
authority to enforce recommendations; 
if it is left to individual states to get 
definite, fundamental data as to mine 
health and safety conditions, such 
data will never be forthcoming. 

This paper is written without the 
knowledge, aid, or consent of the 
United States Bureau of Mines or of 
any member of it and many of the 
statements are, undoubtedly, at vari- 
ance with the views of the officials of 
the Bureau of Mines. The recom- 
mendations made, as well as many of 
the conclusions which have been ex- 
pressed, will be vigorously opposed by 
miners, mine operators, and mine 
health and safety experts, but they 
represent the writer’s ideas formulated 
after many years’ observation and 
experience, much of the time being 
spent on a specific study of the sub- 
jects treated. Ultimately the general 


public, whose rights, after all, are 
directly involved, will demand the 





214 


facts and when the facts are known, 
miners, mine operators, and theorists 
with pet ideas will have to yield to 
common sense practices. Moreover, 
mine operators, who are wide-awake 
must realize that ultimately (probably 
within the coming decade) health and 
sickness compensation will sweep the 
country somewhat as accident com- 
pensation laws did during the past 
ten or fifteen years; and the wise mine 
operator will be forehanded and adopt 
all available methods to ‘‘place his 
house in order.” 

That the practices recommended in 
this paper are not entirely imprac- 
ticable or visionary may be inferred 
from the fact that several western 
mining companies are now using the 
recommended practices. At Butte, 
Mont., the Anaconda Copper Mining 
Company, Elm Orlu Mining Com- 
pany, and other companies have, 
during the past seven or eight years, 
spent several millions of dollars in 
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equipping their mines with water pip. 
lines, wet drills, and good ventilating 
equipment. Today dry drilling eye, 
of upper holes is the exception rathe; 
than the rule in Butte, miners yp 
water to wet the chutes, muck piles 
and working places, and powerful fan; 
assisted by hundreds of small blowers 
give circulating air at the working 
faces. The coal department of the 
Phelps Dodge Corporation at Dawson. 
N. M., the Utah Fuel Company, the 
United States Fuel Company, and 
other coal companies in Utah use 
water freely at all dry working face 
and also hold ample quantities oj 
circulating air at the working face 
while using up-to-date rock dusting 
methods in the main haulage and non- 
working territory. These enterpris- 
ing, very large coal and metal mining 
companies have adopted the fore 
going methods only because they know 
the methods are safe, healthful, and 
practicable. 
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THE UNHEALTHY BARGEE* 


W. F. DEARDEN, M.R.C.S., L.R.C.P., D.P.H., J.P. 
Medical Officer of Health, Port of Manchester, England 


NY review of the relationship 
between occupation and 
health must always give due 

consideration to the influence exer- 
cised by the home environment of the 
workers; and, when any particular 
industry is under consideration, the 
probable effect of housing conditions 
on excessive mortality and morbidity 
rates must be carefully eliminated 
before coming to a conclusion as to the 
extent of occupational responsibility. 
Although there can be no doubt 
respecting the interrelationship of the 
two factors, generally speaking, a 
clear dividing line can be recognized 
between the two. This brief article 
has for its object the direction of 
attention to a class of employment 
which does not subscribe to the com- 
mon run of conditions, inasmuch as 
the occupation and housing of those 
engaged thereat are inseparable, and 
it is really to this close interlocking 
that responsibility for certain well- 
marked effects on health must be 


ascribed. 


The occupation is that of bargee, or 
ighterman—a class of worker who, 
with remarkably few exceptions, is 
compelled to live as well as work on his 
sarge, flat, orlighter. This isan open- 
alr occupation with no lack of muscu- 
‘ar exercise, and although at times it 
‘ubjects the bargee to severe weather 
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exposure, such occasions are irregular 
and rarely prolonged to any excessive 
extent. Another favorable point is 
that it is most unusual, except on in- 
land waterways, to move the boats 
except during daylight. So far as the 
work itself is concerned, therefore, one 
would undoubtedly expect it to be 
particularly healthful, and I have 
personally no doubt of this being the 
case. As an occupation, however, 
that of bargeman is not at all health- 
ful; and the reason for this apparent 
contradiction must be assigned to the 
disgracefully insanitary quarters pro- 
vided for the bargee’s moments of rest 
and leisure. 


MorvTauity Recorps 


The decennial supplements to the 
annual reports of the Registrar-Gen- 
eral for England and Wales provide 
exceedingly valuable information on 
occupational mortalities, and I pro- 
pose to quote from the most recent one 
issued, in order to show what is wrong 
with the bargee. The period covered 
is the three years 1910, 1911, and 1912, 
and a perusal of Table 1 which applies 
to this particular occupation shows the 
comparative mortality figure of the 
industry to be 1,102, which compares 
very badly with 790, the figure for all 
occupied males, with 470, the figure 
for the open-air occupation of farm 
laborer, and with 858 for what one 
might conceive to be the like occupa- 
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tion of fisherman. Although there is 
an excessive liability to fatal accidents, 
as shown by a mortality rate of 193 
against the average one of 48, this is 
by no means sufficient to explain away 
the high general mortality figure. 
Life for the bargeman is affected by the 
drink habit and by venereal disease to 
a slightly greater extent than is the 
case with the average male worker; 
but what really appears to carry him 
off is his particular liability to respira- 
tory diseases, especially pneumonia. 
The reeord of the fisherman, which 
shows the effect of a life equally as 
strenuous as that of the bargee, is 
totally different when respiratory dis- 
eases are taken into account. The 
liability of the bargee to die from 
phthisis is no higher than that for all 
male workers (due possibly to lack of 
exposure to infection), but there is an 
excessive liability to die from dis- 
eases of the circulatory system. The 
comparative mortality figures given 
in ‘i'able 1 will show the position at a 
glance. 

An investigation into the living 
accommodation provided on this par- 
ticular class of craft does not leave 
much doubt as to the real reason for 
the excessive mortality from respira- 
tory diseases; nor, to a considerable 
extent, as to the reason for the greater 
liability to death from diseases of the 
circulation. 


RESULTS OF INSPECTION AT PORT OF 
MANCHESTER 


The main part of the Port of Man- 
chester consists of a waterway, 36 
miles in length, with docks and quays 
at various points, although the upper 
reaches of the Mersey are also within 
the area. A considerable amount of 


barge traffic is carried between Map. 
chester itself and Liverpool, and po. 
tween both these points and the other 
trafic centers along the Port 0) 
Manchester. My obligation as Poy 
Medical Officer of Health has been tp 
give attention to the sanitary requiro- 
ments of these vessels. 

During the year 1923 my staff jn- 
spected 248 flats and barges, 102 of 
which were found to be insanitary. 
On these 102 insanitary boats, the 
actual insanitary conditions found 
amounted to 194. It is extremely 
interesting to note the character of 
the defects, which were as follows: 


silges requiring cleaning or inaccessi- 
ee 

Bulkheads defective and allowing com- 
munication between hold and living 


EE re:d odie aoulnal ab bweneseaan 1] 
Decklights broken and defective.... 15 
Defective drainage of quarters...... | 
Quarters requiring cleansing, paint- 

ae A 7 eee 25 
Quarters deficient in lighting........ 15 
Floorings, fittings, ete., defective.... 18 
Iron deck over bunks unsheathed.... 1 


Miscellaneous leakages into quarters.. 58 
Ventilation inefficient or ventilators 


is cedcerdinnedn peavengeneses .. 10 
No bed berths provided............-. l 
Stoves and stovepipes defective..... 10 
No stove or stovepipe provided..... 1 
Lockers requiring cleansing, painting, 

PODGIFING, O66. 656i0scda. widen F 


Food stored in cabin without covering. | 
Water tanks not accessible for cleans- 


| REET CTE ere Corer TT eT rT oe l 
Water tanks, casks, etc., in defective 
Ca sok ce cc decrcsasoeenananes se 14 
No water receptacle, or receptacle ol 
insufficient capacity..............eeeeeee ee 3 

Water receptacle kept in a position — 

liable to contamination............555° 6 
BARGE ACCOMMODATION 

on 


The housing accommodation 
. : £ a 
flats and barges usually consists 0! 4 


J1L48 


‘ , ) 
Mas 1Y2 
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each end, both being situated 
he deck level and not pooped 
This ar- 

enders 


arrow canal boats. 

snosnent of the quarters 
yaoot iehting and ventilation some- 
COMPARATIVE MORTAL- 


] 
2 a i 


my FIGURES FOR THE THREE 
Pe \RS 1910, 1911, AND 1912 
nA 
= | 
A Rl 
45 2 
= = |e ~- 
2 |e /808l 3 
CS /sipa|s 
=~ |£/E58) 2 


Locomotol atuxiaand gen- 
paralysis of the in- 
pieNxy\ > ahd ceeened IS 3] ob) 16 
ther GISe@HSeS ofthe hnerv- 
i) 36) 38) 28) 21 
Diseases of the cireulatory 


62 144 11S 74 


Phthisis.. . ery 142 101) 142) 7] 
sronchitis.... ) 7 67; 21) 38) 14 
Pneumonla............8 105) 55; 67) 39 
ther respiratory diseases 21; 12) 15) 10 


re spiratory diseases 
excluding phthisis)...... 193 88 120 63 
\ ther diseases 395 336 250 165 


hotal mortality figure. 1,102)'858 790/470 


What diffieult, and possibly this factor 
jas proved too much for the design- 
ers ol this type of craft, for it is 
tremely rare to find even a new boat 
‘liciontly provided for in this respect. 
! are manned by a captain and 
nd have no other crew so far 
Their 


is to use the after eabin for 


vequaintanceship goes. 


juarters and to use the forward 
unply for the storage of ship’s 


“vu The sleeping bunks run fore 
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and aft and are placed one on each side 
of the cabin. The common practice is 
to separate these bunks from the eabin 
space by a wooden partition containing 


a sliding door, instead of by utilizing 


the more sanitary curtain. A deck 
light over the bunk space is not 


usually provided unless at the request 
of the sanitary authority, and the 
only means of ventilating the space is 
The lighting and the 
ventilation of the cabin itself are ob- 
the deck, 
fitted with an oblong iron frame which 


via the eabin. 


tained through a hole in 
has a flange projecting above the deck 
surface—all this being about the size of 
a brick. A wooden cover with a glass 
top is provided to fit over this flange; 
in good weather it is taken off, but 
In bad weather it must be replaced to 
keep out the wet. Every cabin con- 
tains a stove with the usual stovepipe 
the With 
inlets functions 
the outlet 


when under 


deck. 
this 
main 


projecting above 
reasonable air 
successfully as for 
ventilation, but certain 


circumstances there are no inlets 
acting, the stove provides a consider- 
able risk of carbon monoxide poisoning. 

One of the worst features connected 
with this type of accommodation has 
to do with the method of ingress and 
egress by means of the old-fashioned 
scuttle hatch. 


of a square hole cut in the deck which is 


This consists simply 


surrounded by very shallow weather- 
boards and is provided with « simple 
hinged or sliding cover. (See Figs. | 
and 2.) It is usually placed on the 
port side and its position corresponds 
very accurately with the opening into 
the bed berth. In wet or 
rough weather this like 


the ventilator previously mentioned, 


mate's 
hatchway, 


must be covered if rain or river wash is 























Ita. 1. Old-fashioned seuttle hateh Open 
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big. 4-—The “Madrid,” showing arrangement with sanitary alterations. 
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to be kept out of the cabin and, in- 
of the bed 
Owing to the fact that these 


eidentally, out mate's 
berth. 
precautions are often not taken during 
navigation, it Is a2 Common experience 
lor the Inspector to find the eabin very 
the bed berth 


When the barge is tied up 


damp nnd mate's 
sonked, 
and the berths are being used at night, 
rain water is liable to enter the cabin 
and the mate's berth a the hatchway 
[ff these are 


closed. there is no ventilation at all. 


nnd ventilator are open. 
[iy the mate closes his sliding door as a 
protection against the rain, he is not 


much better oft. for the Same renson. 


IMPROVEMENTS 


[ have been very successtul in 


persuading owners to substitute an 
effective companionway in place of 
this ancient hatehway. In shape it is 
like a quarter drum, one radial aspect 
corresponding to the opening in the 
deck, the other being vertical from the 
deck and providing the main. part of 
while the top side is the 
lig. 3.) The 


uprights of the entrance are slotted tor 


the opening, 


quarter round. (sce 


the reception of weatherboards and 


the front part of the round will turn 
or slide back. In good weather the 
weatherboards can be out and the top 
had 


heel: in weather all ex- 


turned 
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the weatherboard CA 
placed in position and thus ad 
protection is afforded against ) 


cept top 


Wash without undue interferener wis 
If In) acd 


each flat side of this companiony 


ventilation and light. 


fitted with a hit-and-miss yentjls+, 
which can be opened or shut at 
the cabin ean be rendered abso! 
secure against the weather and stil! | 
ventilated. I have also been abl, 

persuade a good many of the owners to 

provide an efficient type of ventilati v f 
skvhght in place of the brick-shaped 
structure mentioned. 


Some owners Claim that these sayi- D 


tary alterations interfere with th U 
proper navigation of the vessel, but pe 
the contention would seem to be yer Cl 
ill-founded 1) looking at the ilustra- th 
tion of the “NTadrid”’ See jo, 1). IT 
This shows that there Is ho obstruction pt 
to interfere with the proper manipula- ni 
tion of the tiller, or the handling ot ” 
ropes. Oecasionally a small portior vl 
of the cargo space has to be annexed to : 
place the compantonwayv in the most Or 
suitable position, and this of cours pth 
forms A powertul objection to th 
Improvement from an owner's port “ 
of view, although many have recog- Al 
nized that the health and well-being 0 
of the bargee is of greater lMportanc au 
than the conservation of a few squat p, 
feet of cargo space, | 
. 








THE COAL MINER: HIS HEALTH, DISEASES, AND GENERAL 
WELFARE* 


Epaar L. Coutuis, M.A., M.D., M.R.C.P. 


Vansel Talbot Professor of Preventive Medicine, Welsh National School of Medicine; 
Member of Miners’ Welfare Committee, Health Advisory Committee of the 
Ministry of Mines, and Miners’ Nystagmus Committee 


HE industry of coal mining, 
after that of agriculture, is 
today not only the most im- 
yortant of industries, but is also the 
one employing the largest number of 
In Great Britain in 1922 it 
employed 1,148,469 persons. Atten- 
tion has been directed in recent years 
from several sides to the miner: to his 
physiologic needs; to his occupational 
diseases and accidents; to his psycho- 
logic reactions; and to his social en- 
vironment and mortality. ‘The pres- 
nt paper attempts to condense into 
one article the main information on 
these varlous matters. 

The order of presentation chosen is 
to follow the miner from his home to 
his work, during his work, and back 
to his home again, dealing with each 
subject as it arises. 


nersons. 


Py 


NEEDS OF THE COAL 


MINER 


[YSIOLOGIC 


Food 


The miner leaves home carrying 
with him any food and drink that he 


*1) 
Vv 


Wii consume while at work. The food, 
put up the night before, will be cold, 


“Read before the Bordeaux Congress 
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as will also be the quart or two of tea 
he may take to drink. 

An interesting series of investiga- 
tions by Moss (1) gives as high a 
figure as 4,711 for the average caloric 
value of food consumed daily by 
miners. This figure is held to agree 
well with the results found by At- 
water, who calculated that the cal- 
ories consumed per day by men at 
work was as follows: 


Work Calories 
Consumed per Day 
er re 3,500 
NS 598406205 04ns OEAREE Ces eed 4,500 
PE ceo bun eset eeeruhseceaases 9, 700 


Considerable variations about the 
average figures occurred in Moss’s 
observations (see Table 1). Some- 
what contrary to expectation, the 
greatest amount of food was con- 
sumed where the temperature was 
highest, while the wages standard 
bore no relation to the needs of the 
miner for food. 

A later and more extensive investi- 
gation (2), which does not quite har- 
monize with the earlier one, suggests 
that if the caloric value of food con- 
sumed as stated above be accepted as 
correct, an unnecessary amount must 
have been eaten, since the energy re- 
quirements of a miner for a working 
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day do not exceed and probably fall 
a good deal short of 3,500 calories. 
When allowance is made for the days 
in the week when a miner does not 
work, the average net expenditure per 
day throughout the week is placed at 
about 3,100 calories, which needs a 
gross dietary of value approximating 
3,400 calories. 

These investigations are important 
since they are basic for any caleula- 
tions of wages founded on the phys- 
iologic needs of the miner and repre- 
sent an effort at bringing scientific 
knowledge to bear on a social problem. 

The remark may here be made that 
the mining industry still adheres to 
the custom, which fifteen vears ago 
prevailed in factory employment, of 
leaving it to each man to partake of a 
daily monotonous picnic of unappe- 
tizing viands which he has earried with 
him to work. ‘The industrial canteen 
has not vet been introduced into the 
mining industry, even though a pit- 
head kitchen would be simpler to or- 
ganize than a factory canteen where 
perhaps 700 workers or more have to 
be seated at once and served in five or 
Meals from a pithead 
kitchen could be sent underground in 
hot, water-jacketed containers placed 
in empty coal tubs going to various 
parts of the workings. tubs 
would soon reach their destinations, 
just as tubs containing supplies of 


sIx minutes. 


These 


beer did in times past, when beer was 
permitted to be sent into the work- 
Miners do not all stop work for 
food at any definite time, and the 
could be over an 


ings. 
service extended 
hour or more, thereby avoiding the 
rush of a factory canteen. 

Factory experience has taught that 
a supply of good food 1s productive of 
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better work and better health. |, 
this respect the miner, whose physica) 
work is heavier than that of most 
factory workers, is worse off than are 
the factory workers. | 


Drink 


Reference to Table 1 shows that 
miners drink large amounts of fluid 
daily, and that the amounts vary 
directly with the temperature of the 
workings (1). The average hourly loss 
of moisture for thirteen men in Pep- 
dleton mine amounted to 2.4 pounds 
in weight or about 2 pints-—7.e., about 
13 pounds in a work period of five and 
a half hours. During the shift the 
water drunk amounted to 74 pounds 
on the average—not enough to com- 
pensate for the loss. 

In the United States of America 
drinking water is supplied under- 
ground and instructions are issued by 
the Bureau of Mines in regard to the 
best methods of procedure. The sai- 
est method is held to be distribution 
by pipe to convenient points. legs, 
barrels, and tanks, which should 
tightly closed, are widely used, how- 
ever, but they require careful washing 
and sterilization at least once a week. 
Drinking fountains, having the Jet 
of water projecting at an angle to the 
vertical, may be used either 
method of supply. A less satisfactory 
procedure, in force at many mines, |s 
for each man to fill his own pail fron 
a central water supply at the entrance 
to the mine and carry it with him into 
the workings. 

In Great Britain, on the other hand 
all fluid drunk underground is brought 
from the miner’s home—frequently 
in the form of cold tes 


with 


and Is carr ( 
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below by the man. No water is sup- 
plied for miners underground, al- 
‘hough it must be supplied for horses 
‘) mines. Here again the miner is 


PA 
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man on recommencing work after 
several weeks’ holiday ‘‘was unable to 
maintain his normal rate of sweating, 
with the result that during the last 


aLE 1.—-AVERAGE FOOD, SALT, AND WATER CONSUMPTION OF MINERS 
EMPLOYED IN MINES OF DIFFE 


RENT TEMPERATURES (MOSS) 
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worse off than the factory workers, 
since Wholesome drinking water must 
be supphed in every factory unless 
ewer than twenty-five persons are 
employed. 

\thletes know how soon staleness 
results if hard physical exercise is taken 
without an adequate allowance of 
iuid. A miner’s working efficiency, 
especially in hot mines, must be con- 

rably lessened in a situation in 
which his consumption of fluid is re- 
tricted to the amount he can carry 
with him. In this connection a point 

terest to athletes was observed by 
Moss, A miner, with a reputation for 
beng the best worker in a pit, where 
‘he temperature ranged between 77°F. 
id 82°F., normally perspired freely 


SS] 


‘oie at work and lost on an average 


- 


‘ pounds in weight every hour. This 


two hours of the shift he was good for 
nothing. His temperature had _ pre- 
sumably risen. This condition only 
lasts two days at most” (1). The 
capacity to sweat freely is not only 
advantageous to persons taking hard 
exercise, but appears to be increased 
by training. 


Salt 


A further important point emerged 
from the investigation under discus- 
sion (1). Sweat contains chlorides in 
the form of sodium chloride, 59 per 
cent., and of potassium chloride, 41 
per cent. The content of chlorides in 
sweat is less when sweating is profuse 
than when it is scanty, but the total 
amount excreted is greatly increased 
by sweating, and a shortage of chlo- 
rides in the blood results. If large 








quantities of fluid are taken by a per- 
son who is sweating to assuage thirst, 
water poisoning results with its dis- 
tressing symptoms of muscular cramp. 
Cramp of this kind occurs among 
miners in hot mines, among furnace 
men, and among ship stokers; in 
severe attacks several men may be 
required to control the sufferer and 
straighten out the affeeted limbs. 
li, however, the water drunk contains 
about 10 em. of sodium chloride to the 
gallon, cramp is avoided, less fluid is 
needed to satisfy thirst, and fatigue 
from exertion more rapidly passes. 

Two facts may here be noted. 
Where barley water is drunk by men 
at hot processes, the custom has al- 
ways been to flavor it with salt. The 
amount of salt consumed daily in food 
(see Table 1) was found by Moss to be 
considerably greater for miners em- 
ployed in hot mines than for men 
working in cool mines. 


OCCUPATIONAL DISEASES AND ACCI- 
DENTS OF THE CoaL MINER 


Light and Aiiners’ Nystagmus 


Qur miner carrying his food and 
drink with him has now reached the 
pithead. Here he is provided with a 
safety lamp, if he is employed in a 
safety-lamp pit—and, as sinkings be- 
come deeper, the proportion of safety- 
lamp pits is steadily increasing. In 
1922, there were in Great Britain 
878,997 safety lamps in use by 921,737 
persons employed underground in 
connection with getting coal. 

Safety lamps, notwithstanding their 
proved value in preventing explosions, 
unfortunately do not give as much 
lizht as the old-time naked candles. 
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Photometric observations, a large nyyp. 
ber of which have been made }, 
Llewellyn (3) (4), disclose the fact that 
the average illumination at the epg] 
face in safety-lamp pits is 0.018 foo; 
candle—five times less than that jy 
candle pits, or 0.09. Compare thjs 
dimness with the standards recom. 
mended for adoption in factories (5) 
of 0.25 foot candle on a _ horizonta] 
plane at the floor level of an ordinary 
workroom and of not less than 0.1 foo 
candle in other parts. 

Careful investigation (4) (6) into 
the prevalence of the disease, miners’ 
nystagmus, has established the fact 
that it is associated with deficient 
illumination. This disease does not 
occur among metalliferous miners, 
who all use naked lights. Occasion- 
ally a case is heard of from candle 
pits, but the illumination in these pits, 
although greater than that in safety- 
lamp pits, is low—lower than that of 
metalliferous mines, owing to the 
black, light-absorbing surface of the 
eoal. The great bulk of the cases oi 
nystagmus come from. safety-lamp 
pits. The disease was first recognized 
soon after safety lamps were intro- 
duced and has since steadily increased 
in prevalence. It is well known among 
coal miners in France, Belgium, and 
Germany, as well as in Great Britain, 
but not in America where, as candles 
are interdicted, they have been re- 
placed by electric cap lamps which 
give better illumination. Other fac- 
tors, such as posture at work and ga* 
eous impurities in mines, have from 
time to time been put forward 2s 
causative, but the evidence is heavily 





> ‘ . . . . . ho 
in favor of deficient illumination as [) 


essential factor. 
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The chief symptom and physical 
sign of nystagmus is a rotatory oscil- 
lation of the eyeballs which occurs in 
two forms, the latent and the mani- 
‘est, So long as the condition is la- 
‘ent, the miner has no symptoms, is 
unaware of the movement of his eyes, 
and suffers no disability. <A large 
proportion of underground miners in 
safety-lamp pits—from 18 to 30 per 
cent.—have been found still at work 
in this latent condition. 


The manifest form may be divided into 
three types—the slight, in which there is 
little incapacity, the ordinary, in which 
underground work has to be given up, and 
‘he severe, in which incapacity is complete. 

The first and most general subjective 
symptom is failure of sight, which is most 
marked at night-time or when the sufferer 
is called upon to perform the more skilled 
part of his work. He cannot notch timber 
and fails to drive his wedge or strike with 
the pick the exact piece of coal aimed at. 
He is unable to find his tools after he has 
placed them on the ground. This loss of 
sight continues above ground and is most 
marked at night-time, in the early morning, 
and at dusk. The man also takes longer to 
‘get his sight,’’ finds the journey to the 
coal face diffieult, and is greatly annoyed 
by the bobbing up and down of the lights 
carried by his fellow workmen walking in 
front of him. He often has to sit down to 
let ‘the lights go by,”’ or if of a quarrelsome 
hature nay even strike at a lamp which the 
man ahead is not shielding properly with a 
shade or by help of his body. Occasionally 
the first signs of the disease are bad time- 
keeping and deterioration of work, leading 
to friction with the officials. 

Sleep is broken both by headaches and 
‘reams: and gradually, but sometimes with 
startling suddenness, giddiness and tem- 

rary loss of sight follow exertion and 
‘looping, and then the lamps and surround- 
‘Ng objects dance and revolve before the 

r<inan’s eyes. The case is now well 
‘oped and the classical signs of head- 
often most marked at the back of the 


head, giddiness on stooping or exertion, loss 
of sight especially at night-time, dread of 
lights, and sleeplessness become accentu- 
ated. Later on, after prolonged absence 
from work well-marked neurotic and even 
hysterical symptoms may appear. In these 
cases, although almost all objective signs 
have disappeared, the subjective symptoms 
remain well marked (4, pp. 16-18). 


Oscillation of the eyeballs seldom 
persists after the miner has been six 
months absent from underground con- 
ditions. 

Miners suffering from this disease 
have a right in Great Britain to com- 
pensation. The established claims are 
not merely more numerous than for 
any other industrial disease, but ac- 
tually outnumber claims for all other 
industrial diseases taken together. 
In 1922, claims were paid for 8,810 
cases (3,924 new cases in the year and 
4,886 continued from the previous 
year). Compensation in this country 
may, however, be awarded ‘‘whether 
the symptom of oscillation of the eye 
balls be present or not,’ and there is 
no limit to the period over which it 
may be paid; herein the standard 
differs from and is far less stringent 
than that adopted in Continental 
countries, where, moreover, compen- 
sation is not continued beyond six 
months (6). 

The result in Great Britain has been 
to accentuate the neurotic symptoms 
which persist after all oscillation has 
disappeared; thus, in 1920, when 2,865 
new claims occurred, there were 2,382 
claims which had lasted over twelve 
months and_ still remained unter- 
minated, fifty-six having lasted ten 
years. These figures may be con- 
trasted with Belgian experience which 
is as follows: 
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Period off Work Percentage 


i i a ae 28 
SR ew cemed 50 
I re rer 20 
4, months and over...........cece- 2 

Ses eee ee eae 100 


Miners’ nystagmus, although a dis- 
tressing condition, is a benign affec- 
tion. Any fear that the eyesight may 
be permanently ruined, should be 
combated. “Most cases of miners’ 
nystagmus are only partially ineapaci- 
tated; they benefit physically and psy- 
chologically by work. Some require 
work above ground; others are fit for 
suitable work below ground.” Only : 
few exceptional cases exist to prove 
the rule that all should return to work 
within three to six months. 

The disease is only to be prevented 
by adoption of better illumination 
underground. The problem seems to 
have been solved in America; and 
much research has been undertaken to 
solve it on this side of the Atlantic. 


Miners’ Beat Knee, Beat Hand, and 
Beat Elbow 


When the miner has reached the 
coal face, he must assume unusual 
postures, especially in thin seams. He 
often has to kneel at his work. When 
undercutting coal, he lies on his side 
with one knee tucked up so that the 
outer tuberosity of the tibia rests 
against the floor; at the same time the 
elbow of the same side rests either on 
his flexed thigh or on the hard floor. 
Constant friction against the hard 
floor results in chronic thickening of 
the subcutaneous tissue overlying 
prominent bones and in chronic en- 
largement of the local bursae. Local- 
ized areas of lowered resisting power 
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are thus formed. If infection gajy. 
access through some minute puncte 
through sodden skin when the work. 
ings are wet, or through the blood 
stream when the general health is poor. 
a condition of inflammation and syp- 
purative cellulitis is particularly liable 
to develop. Subcutaneous cellulitis 
originating in this way is known as 
miners’ beat knee or beat elbow, ap- 
cording to the part affected: the 
former is far more prevalent than the 
latter. 

The handle of the pick, especially 
if it is not smooth or if rock or hard 
coal is being worked, acts as a source of 
chronic trauma to the palm of the hand. 
In this locality no definite thickening 
of the subcutaneous tissue can be 
detected, but, if infection occurs, an 
acute localized infection results which 
proceeds to suppuration. This con- 
dition is known as beat hand. 

A fourth condition, inflammation 
of the synovial lining of the wrist 
joint, or noninfective tenosynovitis, 
may also result from continued use 
of the pick. This condition is not 
associated with suppuration. 

These four conditions are included 
in the Schedule of Diseases of the 
Workmen’s Compensation Act, 1900, 
and entitle the sufferers to compen- 
sation. They occur so predominantly 
among coal miners, especially among 
those employed underground, that, 
although other persons also contract 
these diseases occasionally, their study 
may be best followed in the mining 
industry (7). In 1922 the number 0 


new claims established among mine's 
was as follows: beat knee 1,721; bea 
hand 1,138; beat elbow 200; nonin- 
fective tenosynovitis 173; giving 
total for all four diseases of 3,232 (4° 


9 
us 
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~ontrasted with 4,091 new cases of 
miners’ nystagmus). 

These diseases present another con- 
trast. to miners’ nystagmus with re- 
vard to the duration of incapacity, 


thus: 
Cases Con- 
tinued from 
Disease 1922 Previous 
t 
‘ ear as 
TotalCases Y¥ 
Percentage 
of All Cases 
Miners’ nystagmus.... 9,146 55.3 
Meat BOO... .s500sc00. beeen 9.2 
ie Te ks eae 1,216 6.4 
Beat NE ss oS ce os 213 6H. 1 
Noninfective synovitis 179 3.4 


These four diseases are clearly not 
only less prevalent than miners’ nys- 
tagmus, but they give rise to far less 
invalidity and incapacity per case. 

all the diseases included in the 
hedule to the Compensation Act, 
nevertheless, beat knee ranks second 
tonystagmus for number of claims and 
beat hand third, while beat elbow 
ranks about equal fourth with lead 


polsoning. 


()f 


Sc 


\ 


An understanding of the way in 
which these diseases originate points 
to means for their prevention. Cases 
of beat knee would be greatly dimin- 
ished in number by the use of knee 
pads by miners working in thin seams 
and by serupulous attention to clean- 
ness of the skin, for which purpose 


pithead baths would be of great value. 


\ttention to the smoothness of pick 
handles and instruction in the proper 
of a pick would lessen the cases of 
hand and also of noninfective 
‘hosynovitis. Well-organized _first- 
ud treatment and equipment would 
‘educe the development of each disease 
»Y preventing the neglect of appar- 


] 


‘uty trivial injuries. 


Parasitic Diseases 


A reference should be made here to 
two diseases which have occurred 
among coal miners because of the fact 
that conditions underground are favor- 
able for the transmission of certain 
forms of infection. 

The first is hookworm disease, 
ankylostomiasis. In some parts of the 
world, especially in Germany and 
California, as high as 80 per cent. of 
the miners have been found infected. 
In Great Britain the disease has been 
discovered to be prevalent among 
Cornish tin miners, but coal miners 
are not known to suffer from it; hence 
further reference to the disease is not 
made here. 

The second is spirochaetosis ictero- 
haemorrhagica. ‘This disease prima- 
rily affects rats and is possibly trans- 
mitted by them to human beings. 
Efforts are made in Great Britain to 
keep mines free from rats, but in at 
least two wet coal mines in East 
Lothian which were studied numerous 
rats existed. Exactly how these rats 
became infected is not clear; possibly 
through an infected miner returning 
from war service in France where an 
epidemic of this disease occurred. 
There is evidence that unusual cases of 
jaundice occurred in the district soon 
after the war, and they may have been 
due to this disease. During 1923 a 
number of cases of jaundice, varying 
in intensity, occurred among, the 
miners, with four fatalities. Some of 
the patients who were admitted to the 

toyal Infirmary, Edinburgh, were 
‘carefully studied by Buchanan (8) 
who found spirochetes in their urine 
and also in the rats from the infected 
area. Later Buchanan (9) found the 
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leptospira concerned living in a slimy, 
viscid substance hanging from the roof 
in an old section of the pit where the 
infected miners had worked. The pit 
was not deep and infection may con- 
ceivably have occurred through mois- 
ture percolating down from the surface. 
Guinea-pigs injected with infected 
urine or with the slime developed the 
disease, after which numerous spiro- 
chetes were recovered from the liver. 
A serum has been prepared from the 
horse which would appear to be 
curative in these cases. Prevention 
lies in the removal of infected slime 
and in the suppression of vermin, as 
well as in sanitary cleanliness in the 
mines. 


Diseases Due to Exposure to Mine Dust 


The coal miner is clearly exposed 
to dust; it is generated for the most 
part from the coal he is getting, but 
also from the material of the strata 
in which the coal is found. In both, 
more particularly in the latter, free 
silica is to be found. 

Dust when inhaled varies in the 
effects it produces, the variations de- 
pending on the chemical nature of the 
dust and the size of the dust particles. 
The most injurious dusts are those 
composed of silica (SiOQ.) with par- 
ticles less than 5 microns in diameter. 
Such particles are fine enough to gain 
access to the pulmonary alveoli, 
whence some are carried by macro- 
phages into the lung tissues; there 
they appear to be converted into 
soluble silica, a toxie substance re- 
action to which results in the forma- 
tion of fibrous tissue. Lungs so al- 


tered are particularly liable to suc- 
cumb to tuberculous infection, while 
the infection, in its turn, hastens the 





course of fibrosis. No other form oj 
dust is known to possess this specific 
relation to tuberculosis. 

Particles of dust, too large to reach 
the alveoli, adhere to the mucous lining 
of the air passages whence they are 
expelled in mucus. Prolonged ex. 
posure to such dust leads to overactioy 
of the mucosa and to the development 
of bronchitis, and the subjects are 
more than usually prone to pnev- 
monia. All forms of dust, except those 
easily soluble in the body fluids—e.g,, 
ealcium salts—if inhaled in sufficient 
amounts over long periods, act in this 
way as mechanical irritants. 

Coal presents an instance of a dust 
which appears to possess the property 
of inhibiting the toxic action of silica 
(10). This substance is present. in 
small percentages in many coals and 
in appreciably dangerous amounts in 
coal measure shales and other rocks. 
Certainly coal miners experience, all 
the world over, a low mortality from 
phthisis, and present a sharp contrast 
with metalliferous miners, such as 
gold, tin, and lead miners (11). Never- 
theless, low as their phthisis mortality 
is, the experience for coal miners dis- 
plays certain statistical characteristics 
which are distinctive of dust phthisis 
or tuberculous silicosis; these are (1) an 
unusually late age of maximum inc 
dence and (2) an association with high 
mortalities from other respiratory 
diseases. The first characteristic 1s 
exhibited in Table 2; the second in 
Table 3, wherein the phthisis mortal: 
ity on the different coal fields is see! 
to vary directly with variations 10 
mortality from pneumonia ané 
bronchitis. 

More intensive investigation (12) 
brings out the fact that the miner 4! 


j. 1H. 
May, 1925 
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the coal face suffers from. phthisis vides the organic dust. Chance igni- 
-ather more than other miners below tion of inflammable gases emanating 
ground -and workers above ground; from coal may start a wave of detona- 
and that phthisis among workers tion. Such a wave disturbs coal dust 


TABLE 2—MORTALITY PER THOUSAND FROM PHTHISIS FOR THREE 
DECENNIAL PERIODS AMONG PERSONS EMPLOYED IN CERTAIN 
OCCUPATIONS AND AT VARIOUS AGE PERIODS 


| i 

| | AGE PERIOD 
| 
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OCCUPATION PERIODS | ] ree 
15- | 20- | 25- | 35- | 45- | 55- Pane 
| | over 
eae coe ” : 
—— | | 
Coal miners....................+..-{ 1890-92) 0.58 | 1.39 | 1.21 | 1.45 | 2.07 | 2.23 | 2.08 
1900-02) 0.41 | 1.03 | 0.96 1.09 | 1.52 | 2.04 | 1.47 
1910-12) 0.54 | 1.81 | 0.84 | 1.02 | 1.31 | 7.43 | 1.02 
| | | 
Tin and lead miners..............| 1890-92} 1.10 | 3.21 | 3.78 | 6 15/10. 59 13.85 |13.89 
1900-02| 0.56 | 1.54 | 6.01 | 7.85 |10.50 |12.22 |10.00 
| 1910-12] 0.20 | 2.31 | 3.24 | 9.23 10.44 |13.72 | 8.24 
PrinterS....0. cccccccccececcecce. 1890-92) 1.42 | 4.21 | 4.97 | &.87 | 5.22 | 5.30 | 4.39 
| 1900-02 1.03 | 3.45 | 3.65 | 5.13 | 4.34 | 3.68 | 1.87 
| 1910-12] 0.78 | 2.60 | 2.64 | 3.07 | 8.37 | 2.90 | 2.19 
| 
Inn servantS..........cccceeeeeee | 190-921 0.42 2.73 | 6.01 |11.15 | 8.65 | 3.95 | 2.40 
| 1800-02 0.80 | 2.20 | 5.49 | 9.99 | 9.65 | 5.48 | 6.51 
| ee 0.57 | 1.26 | 3.13 | 5.02 | 4.91 | 3.85 | 1.50 
| | 
\gricultural laborers.............| 1890-92! 0.41 | 1.41 | 1.83 | 2.11 | 1.87 | 1.60 | 0.95 
| 1800-02) 0.30 | 1.05 | 1.15 | 1.29 | 1.43 | 1.26 | 0.75 
1910-12) 0.28 0.82 | 1.00 | 1.10 | 0.98 | 0.87 | 0.61 
Kllmales ...........ccccceceeen. | 1890-92, 1.11 2.15 | 2.76 | 3.48 | 3.47 | 2.86 | 1.44 
1900-02) 0.82 | 1.69 | 2.16 | 2.89 | 8.15 | 2.52 | 1.33 
1910-12) 0.74 | 1.38 | 1.70 | 2.09 | 2.29 | 2.17 | 1.14 

















above ground has an early and not a_ lying on the sides and floors of the 
late age of maximum incidence. galleries, wafts it into the air and so 

The conelusion seems to be that forms a mixture which, in its turn, 
coal miners are affected by the dust explodes and passes on the wave. In 
they breathe and owe at least a pro- this way, ignition of a small pocket of 
portion of their mortality from re- inflammable gas in one corner of the 
‘piratory diseases to this cause. workings may initiate an explosion 
which travels far and near throughout 
all the roadways of the mine. 

If, however, the coal dust on the 
floor and sides contains about equal 
A mixture of fine organic dust and parts of fine, inert dust, then the mix- 
‘lr is explosive. In mines, coal pro- ture formed with air has been found 


Viscases Due to Exposure from Stone 
Dusting 
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not to be explosive and to be incap- 
able of passing on a detonation wave. 
Discovery of this fact has led to adop- 
tion of the practice of dusting the 


should be done when there are ag fey, 
men as possible in the workings, anq 
those employed should proceed dowy 
the air current so that the dust dops 


TABLE 3.—COMPARATIVE MORTALITY AMONG COAL MINERS, AGES 25 TO 64 
INCLUSIVE 















































: —— 
| 1910-1912 1900-1902 
| | | pe a : 
nD | Ss n m Sie 
COAL FIELD | “aila,|&§|3 2 F 2\§ 2 bs 
(2/2/8/8/8| 2 |8)8\)4 13 
iOlgaisl|aiS!o j;aelisalagis 
= *12iei & =e = i121{9]¢ 
sa if  icitialSs = if i£i&£\8 
ee pies ees) 
aga | | | 7 
Nottinghamshire!....................... 570 | 53 | 40 | 25 | 66 i — 
ie pe | , 675) 64 | 52 | 49) &O 
Derbyshire!....................000 008. 591 | 70 | 34 | 39 | 73 | | 
Northumberland and Durham............ 635 | 70 | 54 | 33 | 83 | 763) 84 | 54 | 41 105 
Staffordshire............... 717 | 74| 70 | 61 109 | 846) 66 | 71 104 118 
; nee | a lain eel Pe a 
Yorkshire..... Mi CR RUE RE eee ‘758 | 81 | 69 | 45 117 | 783) 88 | 71 | 67 | 99 
Monmouthshire and South Wales........|777 | 70 | 69 | 66 131 _ 951) 93 108 (104 |169 
Laneashire.................. 941 107 |100 | 88 183 | 1,006) 96 [149 |113 131 
mn ee ‘anced (amen somees 
All coal fields... ........ 727 76 | 64 | 51 {118 885) 89 | 86 | 79 |123 
Occupied and retired males... . 790 142 | 66 | 38 47 | 1,004'187 | 92 | 58 | 58 











‘ Nottinghamshire and Derbyshire were grouped together previous to 1910-1912. 


roads of coal mines with inert stone 
dust. The question has then arisen as 
to whether the dust introduced 
may not introduce a further danger of 
its own from dust inhalation. Mor- 
tality data from other industries in- 
dicate that no danger is to be antici- 
pated from the use of limestone dust 
which, moreover, being light in color, 
has distinct advantages from the 
point of view of nystagmus. Dusts 
containing silica are to be carefully 
avoided and no material should be 


SO 


used about which any suspicion can 
arise (13). 

Probably no dust, if inhaled in suffi- 
client amount, is entirely harmless. 
Hence the process of stone dusting 


needs to be carefully regulated. 


It 


not blow back but is rather carried 
away ahead of them. 

The value of stone dusting for pre- 
venting explosions cannot be doubted; 
the probability of any ill resulting 
from dust inhalation is small under 
good practice, but the certainty of its 
harmlessness can only become maul 
fest after years of experience. 


Accidents 


Mining, with its own special risks, 
has an evil reputation for the occul- 
rence of accidents. No attempt is her 
made to deal with the technicalities 0! 
mining engineering through which °° 
much has been done to reduce unde! 
ground accidents. Attention is mainly 
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drawn to the importance of the personal 

‘setor in accident causation. 
Mortality from accidents among 

miners in 1910 to 1912 was, among 


fluence on accident causation (12); 
probably the ill-being which the con- 
ditions cause is at the root of the mat- 
ter. ‘‘Carelessness” with regard to 


TABLE 4—AVERAGE ANNUAL DEATHS PER MILLION PERSONS EMPLOYED 














Natural causes: 








AT ALL MINES 
CAUSE 1873-1882 1911-1920 
|, Explosions of firedamp or coal dust....... 610 107 
oe FL re eer ee ee ree 1,112 748 
Mechanical causes: 
i I er ra ie il ole ee ge eg «ne allele 352 81 
9°. Haulage accidents below ground.................... 296 304 
3 Other accidents below ground.....................45- | 193 141 








occupational groups, only exceeded 
by that of seamen and bargemen. The 
mortality experienced amounted to 
nearly one-sixth of the total mortality 
as compared with one-seventeenth for 
all males. The mortality records of 
coal miners are set forth in Table 3; 
the mortality from all causes varies 
considerably on the different fields, 
as also do the rates for accidents and 
for each of the respiratory diseases. 
If the rates for the particular causes 
of death stated in the table are sub- 
tracted from the rates for all causes, 
the difference in rates among the 
various coal fields is largely obliter- 
ated. The accident rates on the differ- 
ent coal fields are found, in 1910 to 
1912, to place the coal fields in the 
same order as the death rates for all 
causes; and the sameisnearly true with 
regard to the rates for each of the 
respiratory diseases. 

The deduction obtrudes itself that 
conditions which lead to ill health, 
particularly of the kind which ter- 
minates in death from respiratory dis- 
ease, have also some underlying in- 


safety is largely an expression of ill- 
being; a man who is healthily alert is 
not naturally careless. ‘This deduc- 
tion receives some support from the 
figures given in Table 4 of the average 
annual deaths per million persons em- 
ployed at all mines (14, p. 35): 


These figures indicate a very striking de- 
crease in the number of accidents due to 
explosions and to shaft accidents, for the 
prevention of which much has been done by 
research and regulation, and an improve- 
ment less marked in the number of acci- 
dents due to falls of ground, in the pre- 
vention of which, though many are of course 
unavoidable, personal care plays a pre- 
dominant part. On the other hand, no im- 
provement is evident in the number of acci- 
dents on haulage, an operation in which 
safety depends far more on the personal 
factor than on regulation, and in which the 
work of the individual is not open to close 
supervision, 


If the same reduction that has been 
effected for explosions and shaft acci- 
dents could be obtained for haulage 
accidents and falls of ground, the min- 
ing industry would lose its unenviable 
reputation. The element of personal 
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carelessness cannot be entirely elim- 
inated even from explosions and shaft 
accidents. In factory employment 
this element has been calculated to ac- 
count for not less than 80 per cent. 
of all accidents. It is probably at 
least as important In mining. 

Many of the things here advocated 
—improved illumination, food kit- 
chens, drinking water, and pithead 
baths—would, by improving the 
health, efficiency, and self-respect of 
the miner, have an indirect, but con- 
siderable, influence in reducing the 
frequency of these ‘‘personal factor” 
accidents. They require, however, 
to be reenforced by that form of edu- 
cation known as the safety-first move- 
ment; already a few colliery managers 
have initiated this movement with 
marked success. Nevertheless, up to 
the present the personal factor in the 
causation of accidents in mines has re- 
ceived far too little attention. 

First Aid.—Little need be said re- 
garding first aid in mines, or its value 
in reducing severity rates due to ma- 
jor or minor injuries. The principles 
and the need are the same as those 
applicable to factories, and the inten- 
tion of the writer is to refer only to 
medical matters of special interest to 
the mining industry, or which have 
come to light through recent investi- 
gations in the industry. 

One point may be stressed. It refers 
both to first aid and to rescue appli- 
ances. There is need for medical su- 
pervision to insure that the appliances 
provided are properly used and that 
records are kept of each accident, 
however trivial it may be. Only by 
study based on records kept can in- 
vestigation be made into the way in 


which large numbers of minor injuries 





occur. Reduction in this class of jp. 
jury means a greater reduction jp 
sickness and lost time than can regy}} 
from further lessening the occurrence 
of explosions, which are far more 
spectacular, but in the long run cause 
less injury to life and limb. 

Rescue Work.—Rescue work, on the 
other hand, owing to the ever present 
danger from explosions, is essentially 
peculiar to coal mining. Much re- 
search work has been carried out, par- 
ticularly by Haldane, into the causa- 
tion of death resulting from explosions 
and into means for effecting the rescue 
of unconscious men. Death occurs in 
the majority of cases from gassing 
with carbon monoxide resulting from 
incomplete combustion of coal dust 
(which forms with air an explosive 
mixture). If men so gassed can be re- 
moved from the noxious atmosphere 
as soon as possible, they may be re- 
stored to life by artificial respiration. 
When once this fact was ascertained, 
the problem resolved itself into de- 
vising means for entering the atmo- 
sphere safely. ‘The means are now pro- 
vided at rescue stations on every mine 
field in the form of oxygen apparatus 
to be worn by the rescuer, who is 
thereby rendered independent of the 
air he enters for his oxygen supply. 
The rescuer must, however, be physi- 
cally fit and trained to his work. 

As the result of research among 
miners and others (15) into physica! 
fitness, the claim has been put for- 
ward that a person in good training 
takes up more oxygen from the same 
amount of air breathed than one nol 
in training; in other words, that he can 
secrete oxygen inwards through the 
pulmonary epithelium. Hence, 0D 
exertion he can satisfy his oxygel 


JU 
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needs With less respiratory effort. 
This fact is of more value to the ath- 
iete than to the rescuer who cannot 
obtain for use more oxygen than his 
apparatus contains; but he should not, 
hy unnecessary exertion, use up the 
supply rapidly. Aman, like an engine, 
has a most economical speed at which 
he goes farthest per liter of oxygen or 
per pound of food. The most eco- 
nomical rate of walking in a mine when 
wearing an apparatus appears to be 
about 24 miles an hour, as compared 
with about 4 miles an hour unburdened 
on a smooth level floor, and rather 
over 3 miles on an ordinary road. 
The rescue worker who, finding his 
oxygen supply running short, quick- 
ens his pace beyond the economical 
limit in his desire to reach fresh air, 
seriously impairs his chances of ever 
reaching his goal. He must maintain 
his pace in order to use the available 
supply as economically as possible. 

The provision of rescue apparatus 
and appliances, and the establishment 
of central rescue stations and brigades 
are now enforced throughout the coal 
fields of Great Britain under General 
‘egulations issued in 1913, and special 
provisions made in 1914. 


PsycHoLoGic REACTIONS IN COAL 
MINERS 


Rhythm and Method in Work 


The custom of industry is to leave 
each manual worker to discover for 
uimself the best way of using his own 
body, No organized scheme is 
adopted, as in the field of sport, to 
‘teach how a blow should be struck or 
strength used; the boxing instructor 
and the golf professional have no 
counterparts in industry. Instruction 


Vol. 7 


- 
1H. & 


in how to play is taken seriously, but 
is disregarded in the matter of how to 
earn a livelihood. Coal mining is no 
exception. Interest, therefore, at- 
taches to a short investigation made 
with this end in view (16). 

The factor of rhythm in coal getting 
was particularly studied. The best 
workers were found to use a compara- 
tively slow stroke of the pick in get- 
ting coal and a faster one working on 
harder rock; the rate of stroke also 
increased with the hardness of the coal. 
The quicker rate for hard material 
arose from utilizing the rebound of the 
pick; in the softer coal, the point of 
the pick tended to stick and a slower 
stroke was needed to allow time for 
withdrawal without losing the rhythm. 
A metronome was introduced and set 
beating to the rhythm of the best min- 
ers; other groups of miners, one after 
another, were induced to follow the 
rhythm set by the metronome. Once 
taught, the men were found able to 
maintain the rhythm on their own ini- 
tiative. Calmness now characterized 
work which previously had appeared 
spasmodic, while output increased 
from 6 to 16 per cent. These results 
were obtained with old miners, but if 
similar training were given to young 
men just beginning to work who had 
not already formed contrary motor 
habits, still better results should be 
obtained. 

Work on these lines has been done 
in other industries and valuable re- 
sults have followed, the value being 
greater in proportion to the extent 
that the pace is controlled by the 
operatives rather than by a machine. 
Coal getting in Great Britain is mainly 
controlled by the miner; only 15 per 
cent. of the coal output in 1922 was 
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cut by machine. Hence there should 
be great scope for further inquiries and 
for the adoption of methods of work 
determined scientifically. For ex- 
ample, the investigators considered 
the picks used, and found advantage 
came from using slightly heavier 
picks for coal than for harder material; 
while the question of using a compara- 
tively large shovel for coal and a smal- 
ler one for heavy “dirt’’ was left for 
future research. 


Pithead Baths 


The miner at the end of his shift is 
black with coal dust, which gets be- 
neath his clothes and soils his whole 
body; he is tired and his underclothes 
are cold and wet with perspiration. 
If the mine is a warm one, as is not un- 
usual, when the miner is drawn to the 
surface he is on most days exposed 
to the chilling effect of a sudden altera- 
tion of temperature. No other group 
of workers have greater need for an 
opportunity for bathing and changing 
into dry clothes before traveling home. 

The need is well recognized in other 
countries. ‘Throughout Germany the 
provision and use of baths at collieries 
is, for the most part, obligatory. In 
Belgium a decree imposing on mine 
owners the provision of baths came 
into force in 1913, but long before that 
time baths existed and were so popu- 
lar that miners left collieries without 
them for collieries provided with them. 
In France provision of bathing ac- 
commodation is compulsory for the 
larger mines. In New Zealand again 
the provision is compulsory. In the 
United States of America the value of 
wash and change houses both for coal 
and metalliferous miners is 


appre- 
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ciated. The law in seven mining states 
calls for them to be provided, while jy 
thirteen other states voluntary actioy 
has led to their fairly general adop- 
tion—indeed in these latter states some 
of the best accommodation is to he 
found. The United States Bureau of 
Mines has issued a series of reports 
describing the plants in existence and 
illustrating them by good plans; atten- 
tion is therein drawn to the way in 
which shower baths refresh both mind 
and body, remove the effects of physi- 
eal fatigue, and conduce to health. 


Good health and strong morale among 
the employees of any industry are to-day 
recognized as important factors in the 
maintenance of a high standard of pro- 
duction. In the mining industry, sanitary 
change and wash houses increase the effi- 
ciency of the miners . (17, p. 1). 


Many technical reasons have been 
advanced to explain the high output of 
American coal miners as compared 
with British. May not provision 0! 
baths be added to the list? 

In Great Britain in 1922, 
921,737 persons were employed under- 
ground, there existed bathing facill- 
ties for less than 4,000 miners (15, 
p. 169). No explanations with regard 
to costs and to the Mines Acts can 
abolish this fact. 

The case for pithead baths is un- 
answerable. They are required in the 
interests of efficiency and health; 0! 
absenteeism which is higher in we! 
weather for lack of change rooms; 0 
the self-respect of the miner, who | 
avoided in train and tram by people In 
clean clothing—a matter of no small 
import to his psychology; and, 00 
least, of the miner’s wife. She has 
been busy before the miner returns, 


when 


} 
; 
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preparing meals and boiling water 
(19, pp. 10-12): 


Sometimes the meal precedes the bath; 
<ometimes it follows. Sometimes one man 
bathes while the others eat. The bath is 
taken in the kitehen—the popular living- 
room—on the hearth, in front of a large 
Gre, The man divests himself of all his gar- 
ments and washes himself in a wooden tub 
or a galvanized iron pan, while the family 
sit around or busy themselves with their 
ordinary domestic duties. Sometimes the 
wife or daughter assists the menfolk by 
scrubbing their backs. Nor is 
the preparation of the baths the heaviest 
burden that the system imposes upon the 
women. The bathing is followed by the 
clearing up, the putting away of the bath- 
ing utensils, the scouring of the floor, and, 
worst of all, the cleaning and drying of the 
men’s clothes. The latter task, especially 
on a wet day, is irksome and unhealthy. 
The clothes are often soaking, and covered 
with mud and coaldust. They soil every- 
thing they touch. The wet and dirty gar- 
ments must be dried and sometimes mended, 
and the big fires which have been prepared 
for boiling the water have to be main- 
tained or renewed. The clothes are hung 
on the oven doors, or on clothes horses, or 
ver chairs, wherever they can benefit from 
the heat of the fire. 


Nor is the whole tale yet told; chil- 
dren get scalded by falling accidentally 
into the tubs of hot water prepared for 
the miner, and a coroner has written 

19, pp.138-14): 


[ have no hesitation in saying that hun- 


eds of children have lost their lives during 
the last ten years through scalds at home. 
's not this another argument in favour of 
Pithead baths? Every winter I hold more 
’ ests on minors’ children who die from 
or burns than I do on miners who are 

cd underground; yet while Government 
inspectors are doing their best to safeguard 
‘atter, the former are practically 


‘nprotected., 


Wonder may be expressed that the 
call for pithead baths is not more insist- 
ent from within the industry. The 
owners do not move, looking upon them 
as unremunerative expenditure and 
not perceiving their productive value; 
the men, owing to their natural con- 
servatism, are only half-hearted in 
support. Possibly, the offer to allo- 
cate money for the purpose from the 
Miners’ Welfare Fund may prove 
some incentive (20) (21). 

The next subject considered is also 


influenced by the absence of pithead 
baths. 


Alcoholism 


The miner now leaves the pit; soiled 
with the color-bar of his occupation; 
tired after work, a tiredness accentuated 
by his poor food supply; thirsty from 
losing more fluid by perspiration than 
he has had drink to replace; his clothes 
cold and damp with sweat. His tired 
body calls for a sedative, for fluid and 
for warmth. Alcohol is a sedative; 
it is consumed diluted with water; 
it is to be procured in a warm bar 
parlor. Hence, an alcoholic beverage 
is the ideal to meet his present need, 
even though far from being a future 
blessing. There is no reason to look 
further for an explanation of why the 
coal miner has justly earned a repu- 
tation for “convivial” drinking. The 
fact is brought out by examining the 
records of convictions in 1911 for 
drunkenness per square mile in the 
counties of England and Wales. Mid- 
dlesex, it is true, stands top, doubtless 
owing to its unique position with re- 
gard to the city of London; but it is 
followed by Durham (6.15); Glamor- 
gan (6.13); Yorkshire, West Riding 





(3.62); Laneashire (3.382); Northum- 
berland (2.37); Staffordshire (2.29); 


and Derbyshire (2.19). The existence 
of large coal fields is the characteristic 
common to each of these seven coun- 
ties, which stand well above all the 
rest for convictions. 

The miner is not an “industrial’’ 
drinker. No alcohol can be obtained 
after going below; when the effect of a 
dose taken before commencing work 
passes off, another dose cannot be 
obtained. The resulting effect is so 
unpleasant that the miner holds he 
‘annot do his work on alcohol, and, 
for the most part, takes none until 
the day’s work is over. 

Herein, he differs from such men as 
dock laborers, who throughout the day 
have Mortal- 
ity records indicate that industrial 
drinking and 
during work—is far more harmful than 
convivial drinking; thus, all coal 
miners in England and Wales, 1910 to 
1912, experienced a comparative mor- 
tality figure due to alcoholic diseases 
of only 9, while that for dock laborers 
was 30, and that for all males, 17. 

The English coal fields are arranged 
in the lists which follow below accord- 
ing to mortality from alcoholic diseases 
in 1910 to 1912, and according to the 
average depth of the workings in 1922. 
Since the period 1910 to 1912 the 
mines in South Wales have _ been 
deepened below those in Lancashire; 
the transposition of these two fields is, 
therefore, not a matter of importance. 
As to the rest, if the positions of Not- 
tingham and of Northumberland with 
Durham were transposed, the orders 
arrived at would be identical. Prob- 
ably the similarity shown by these two 
orders is not entirely a chance one, 


recourse to refreshers. 


t.e., drinking before 
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and the suggestion arises that the pro. 
vision of drinking water undergroyn( 
might have considerable effect in los. 
sening convivial drinking among ¢o9] 
miners. Convivial drinking may no; 
be so directly harmful as industria] 
drinking, but it accounts the next day 
for diminished capacity for work and 
perhaps, for bad timekeeping. hp 
suggestion has already been made that 
suitable drinking water underground 
would diminish fatigue, increase pro- 
ductivity, and abolish cramp. 


Comparative Mortality, 1910 to 1912, | 
Alcoholic Diseases 
ee ee 12 
Monmouth and South Wales........ 10 
CC a ee oe an 9 
Northumberland and Durham...... 9% 
A ee 


Nottingham... 


Average Depth of Workings, 1922,' in Fee 


Monmouth and South Wales..... 1,650 
Pe 1,500 
Yorkshire.........0....0.000000005. , 220 
Nottingham...... 1, 220 
Derbyshire..................0005 922 
Durham and Northumberland... 500 


SocIAL ENVIRONMENT 
Fertility 


Our miner has now left work, and 
there remain for consideration his 
social life and environment. ‘There Is 
general agreement that his home s 
roundings are unsatisfactory; 
miner’s cottage is not an ideal resi- 
dence. On many coal fields, the min- 
ing population constitutes the bulk o/ 
the local population and forms an 1s0- 
lated and specialized community. 

A study of infant life in a community 


ur- 
the 


(iv 
ae 


1 Staffordshire is omitted because the \ 
variation in the depth of the workings re2 
ders any average quite unreliable. 












































TABLE 5 OCCUPATIONAL GROUPS ARRANGED ACCORDING TO FERTILITY 
| FIGURES 
TOTAL 
GROUP SAMPLES OF GROUP FERTILITY 
| FIGURE 
rirst barristers 165 
1 ast fertile) doctors 169 
HO peF COMG...6. cece cece reneneesecreneenens solicitors 173 
sti \clergy 184 
ow grocers 203 
MME tn acncs onniisagusdy mvvaebisatt wool spinners 209 
_ |musicians 217 
_cotton weavers 220 
rhird police 234 
sd MR ivasnasvssecnce snes ss cuvansveal barbers 243 
'milk sellers 246 
|publicans 248 
Fourt! ‘printers | 954 
aR cece n: , tram drivers | 257 
| carpenters 262 
plumbers 263 
h ‘coach-makers 268 
per cent | }coal dealers 271 
| | hosiery-makers 271 
| | greengrocers 280 
| 
Sixth | ‘tailors 286 
5k ee |) eycle-makers 289 
cabinet-makers 290 
| \INessengers, porters 292 
Sevent] | [railway laborers 301 
reent................. _| /iron molders 306 
| | bootmakers 308 
| masons 312 
| 
Eighth _ [coopers | 820 
lO per cent... .... occ ccc ccc ccc cece ce eceeeus | ) potters 325 
| | quarrymen 327 
| | boiler-makers 328 
Ninth | ‘fishermen 330 
reent........................0.0.0.00000, | ) brick-makers 339 
| | navvies 345 
cutlers 346 
> 
a | |shipyard laborers 373 
tent pig iron workers 376 
tertile) | \coal heavers 381 
er cent | dock laborers 398 
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brings out at once the effects of occu- 
pation and of social status. The coal 
miner is found (22) with an unusually 
high total fertility as measured by the 


TABLE 6. 


deduction that “broadly speaking 
there seems to be an inverse relatigy 
between brain work and fertility” 


Some idea of the way in which total 


WORKERS, AND MINERS IN CERTAIN LOCALITIES WITH THAT op 





THE REMAINING POPULATION IN THE SAME LOCALITIES 





Agricuiturists!...... se @ Sana 
Rest of population............... 


Textile workers?... 
Rest of population........ hus ee Sakateuees 
Coal miners?......... . 

Workers at the face 


Others below ground 


Workers above ground 


Rest of population................. 


| 
| 








EFFECTIVE 





‘COMPARISON OF THE FERTILITY OF AGRICULTURISTS, TEXTILE 


TOTAL | | 
PERTILITY | FERTILITY 
—, 
re | os 2 | ee _ 
22S | ¢ ~ Zz 8 ¥ 
“2 | 2 | &B | E 
ms | 58 | #2 | ay eh 
sf | =3 | ga | 628) 22 
ge | 82 | 98 | sme) 85 
om | @& | SE ligea8] Sa 
o |e? | 2? io) 2 
| | Fae 
| 307 | 109 | 123 | 27 116 
| 280 | 99 | 122 | 246 106 
| 

240 85 230 185 79 
246 87 213 194 83 
341 121 217 267 115 
347 123 216 272 117 
336 119 | «220 262 113 
314 111 210 248 107 
292 176 103 


103 


240 








‘The rural districts of Lincolnshire, Norfolk, Suffolk, Cambridgeshire, and the Is! 
Kly have been chosen to represent agriculture. 
?'The county boroughs of Blackburn, Bradford, Burnley, Dewsbury, Huddersfield 


Oldham, and Rochdale represent the cotton 


Yorkshire). 


’ Glamorganshire represents coal mining. 


number of children born. He shares 
this position with other occupations 
involving heavy manual labor, and the 
conclusion may be drawn that output 
of physical energy is conducive to 
fertility. 

Investigation also establishes an 
inverse relation between social status 
and fertility. The higher the status, 
the lower the fertility. Closely asso- 
ciated with these questions of social 
status and manual labor, comes the 


fertility varies in different classes cau 


and woolen 


industries 


(Lancashire a! 


be obtained from the data given 1 


Table 5. 


The coal mining industry provides 


useful material for exemplifying th 


points. 


A special study has beet 


rut 


made of the fertility of the miner ! 
the county 


of 


Glamorgan, oul! 
Wales, as contrasted with that 0! agi 


cultural laborers in rural districts 4n¢ 


textile operatives in Lancashire 4! 


Yorkshire (see Table 6). 


The tota 














ig, 
On 
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fertility of the miner is higher than 
that of the agriculturist and of the 
‘oxtile worker. It is higher than that 
of the population among which he 
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the lowest child mortality. This fact 


also holds good for all coal miners 
(see Table 7). 
Data for the whole coal mining 


\BLE 7--FERTILITY AND CHILD MORTALITY IN ENGLAND AND WALES 
‘N RELATION TO HUSBAND’S OCCUPATION (CHILDREN BORN AND 
CHILDREN SURVIVING PER HUNDRED COUPLES) 








| 








| 
aa. | EFFECTIVE 
FERTILITY CHILD FERTILITY 
MORTALITY ; 
, ae. | (CHILDREN 
HUSBAND'S OCCUPATION (CHILDREN | pER svayrvine 
BORN PER | THOUSAND | PER 
pindetitgiy | BORN HUNDRED 
| COUPLES) | COUPLES) 
) | | 
Coal and shale miners: | | 
Workers at the face....... oh pear «| 442 | 214 325 
Other workers below ground......... el 419 | 210 316 
Workers above @round.............ccccesccecees | 396 | 207 308 
Owners, agents, ManageFs............... 0.00005: 338 | 143 309 
[FOR MINOTS, GUBPTIOTE. 06 ii ci cdccsesiawseceausl 420 | 177 | 335 
Tg Me oy a re 393 | 170 322 














lives; the same is true for the agri- 
culturist who also performs heavy 
manual work; but not for the textile 
worker whose manual work is certainly 
not greater than that of the surround- 
ing population. 

ertility within mining groups is 
highest where work is heaviest—.e., 

the eoal face—even though the 
earnings of the coal getter are, on the 
whole, higher than for the other two 
groups, a fact which might have been 
expected to lower his fertility by rais- 
ing the social standing. Social grades, 
however, while of course they exist, 
re not so pronounced in a mining 
community as elsewhere; hence wages 
eyond a certain limit do not connote 
‘uoney expended on improved hygiene, 
out possibly the reverse. Certainly, 
i child mortality be taken as a meas- 
ire of hygiene, the lowest paid group 
Workers above ground) are found with 


population of England and Wales 
exhibit the same variations and show, 
in addition, that the fertility of owners, 
agents, and managers is lower than 
that of manual workers. Other miners 
also show similar high fertility; hence 
the material worked cannot be the 
controlling factor. 

The way in which child mortality 
modifies the advantages gained by 
high total fertility may be gathered 
from data for effective fertility. Here 
the coal miner, owing to a high child 
mortality (possibly due to lack of 
maternal care owing to the toil already 
mentioned exacted from the miner’s 
wife), is found to have given way to 
the agriculturist, while the textile 
worker with an even higher child mor- 
tality (probably due to the industrial 
employment of women) has fallen 


even farther behind. Already much is 


being done to reduce the mortality, 
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particularly in South Wales, where in 
one mining district of Glamorgan an 
infant mortality rate of 158 twenty 
years ago has fallen to 86. 
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satisfaction prevailed on the differen; 
coal fields. The results are shown jy 
Table 8; the orders of the fields go 
given on the three occasions are 


TABLE 8.—RESULTS OF STRIKE BALLOTS OF THE MINERS TAKEN IN 
DIFFERENT BRITISH COAL FIELDS 








| PERCENTAGE OF MINERS THAT yorTgEp 





Against 





. Against 
' —— | For | 
COAL FIELD | gas Resuming | Wage 
| Strike , “5 
E Work | Agreement 
August, | | ra 
| 1920 | June, | January 
| ” 1921 | 1924 
ee a — 
NOE, i ccnc cea y padi Ree Gheeesedueeyeud | 55.1 | 53.7 | 69.2 
SN rs Sis Or ai ab iebia seek hee ee eed aes 71.8 | 92.7 76.8 
Northumberland and Durham....................6/) 69.9 | 66.7 75.9 
ne rae rE eer 51.1 65.3 79.1 
UO os ey so wd oC 82S KOT HERON EE ESSA SEWED ORES 77.9 73.0 89.8 
RAPID 0.0.4 8a a ae60.0c07 0200s ea rakeusaterwras 90.6 89.6 94.3 








‘Separate ballot figures were not published for Staffordshire, so that composite field is 


excluded. 


Mortality and Psychology 


Reference has already been made to 
variations exhibited by mortality rates 
of miners employed on different coal 
fields. ‘These which 
tinguish one field from another have 
for they are 
caused largely by differences in mor- 
tality rates from four main causes of 
death: phthisis, pneumonia, bronchi- 
tis, and accidents. 

An opinion is often voiced that con- 
tentment with life varies directly with 
health, dissatisfaction with ill- 
being. Mortality may be held to be 
the final end of ill-being and to be 


variations dis- 


existed many years; 


and 


some measure of its existence and so 
of the existence of the dissatisfaction 
it generates. 

Ballots were taken of the miners of 
Great Britain on three recent occa- 
sions; they may be regarded as direct 
indications of the extent to which dis- 





curiously alike. Lancashire always 
leads and South Wales is always sec- 
ond, while Nottinghamshire (with the 
exception of 1920 noted below) stands 
on each occasion at the bottom. ‘The 
similarity of the orders as obtained by 
the ballots, and the close similarity 
found (see Tables 3 and 8) between 
them and the orders as obtained by 
mortality can hardly be 
chance occurrences. 

One interesting apparent exception 
in the order of 1920, according to bal- 
lot, should be noted: Yorkshire 1s 
clearly out of the position which mor- 
tality records ascribe to it. But on 
this field a stike occurred in 191 
which did not involve other coal fields, 
and the effect of this event was held to 
modify the votes cast for the strike 1D 
1920. In 1921 and 1924 when all the 
coal fields started from the same basis, 
the percentage vote indicative of dis 
satisfaction places Yorkshire mut! 


records, 





nt 
in 


re 


ds 
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more nearly in the order according to 
mortality records for 1910 to 1912. 

Some of the conditions which lead 
+o ill-being, ill health, and mortality 
among coal miners have already been 
discussed. Here is found evidence 
that these things influence the mind 
of the miner, and are at the back of 
‘hat industrial unrest which tends too 
frequently to express itself in the eco- 
nomie disaster of a strike. 

The way to remedy this psychology, 
with its results so paralyzing to the 
community, is to alter the conditions 
which give rise to it so that ill-being 
and ill health are reduced to a mini- 
mum. Indications have already been 
viven of some means which may be 
employed to this end. 


Aliners’ Welfare 


A further means, even though it 
deals more with the welfare of the min- 
ing community than with the miner 
at work, already exists in the Miners’ 
Welfare Fund, which is raised from a 
levy of one penny on every ton of coal 
raised. Since the tonnage of coal 
raised in the United Kingdom amounts 
to some 240,000,000 tons per annum, 
the fund receives about £1,000,000 
per year (20). The purposes on 
which money may be expended are for 
the social well-being, recreation, and 
conditions of living of workers in or 
about coal mines, and for mining edu- 
cation and research; but in no case can 
it be expended for the building or re- 
pairing of dwelling houses. 

This levy was made obligatory for 
ive years by the British Mining In- 
dustry Act, 1920, and it seems probable 
‘hat, owing to the excellent results 
Which have been attained, the levy will 
ecome a permanency. The machin- 


ery for dealing with the fund con- 
sists of (a) a district committee for 
each coal field, composed of duly 
elected men and employers; on large 
coal fields, such as South Wales, there 
may also be several local subcommit- 
tees; and (b) a central committee, 
which allocates funds at the request of 
the district committees. Four-fifths of 
the levy has to be expended on the 
coal field whence it is raised; one- 
fifth is allocated entirely at the dis- 
cretion of the central committee for 
matters of general mining interest, 
such as technical research into safety 
and health and higher education. 

This fund raised from the industry 
for the industry forms a landmark in 
industrial welfare. The administra- 
tive machinery is now in full working 
order and by Dee. 31, 1925, grants on 
behalf of 602 schemes put forward by 
district committees had been allocated, 
amounting in all to £1,556,500, of 
which close to £1,000,000 was _ allo- 
eated during the previous twelve 
months. The money actually paid out 
by them amounted to £757,100 (21). 

The schemes include 265 for rec- 
reation grounds and playing fields; 
251 for institutes, clubs and libraries; 
23 for assistance to hospitals; 23 for 
ambulance services; 11 for conva- 
lescent homes; 10 for district nursing 
services; 10 for pithead baths; and 9 
for mining education. Meanwhile, 
research work is being financed and 
extensive schemes for its furtherance 
and for higher education are being 
worked out and will shortly be 
launched. 

The effect of these varied activities 
on the mining community cannot but 
be great, and is already reported to be 
manifest, but years must elapse before 
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full benefit can accrue or the value of 
the fund be in any way measured. 


(CONCLUSION 


The items of information just sum- 
marized present the picture of a con- 
siderable section of the industrial 
world—a fertile group of people by 
reason of their energy output—work- 
ing under conditions which are capable 
of betterment. Their food supply 
during working hours could be im- 
proved, with a resulting improvement 
inefficiency. There is need for suitable 
drinking water to replace what is lost 
as sweat, and to lessen the tendency to 
convivial drinking. Better illumina- 
tion is required in order to abolish 
nystagmus. The use of knee pads, 
especially in thin seams, would re- 
duce the prevalence of beat knee, and 
attention to pick handles would re- 
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duce that of beat hand. Further jp. 
vestigation into the effect of inhaling 
dusts is required. Personal educatioy 
on accident causation would legge, 
this cause of lost time and mortality 
First-aid appliances and rescue stations 
should be placed under medical super. 
vision. Instruction in how to work 
would lessen fatigue and increase ouyt- 
put. Pithead baths would benefit the 
well-being and morale of the miners 
In spite of these numerous _poss- 
bilities for improvement, the occu- 
pation of coal mining is not, on the 
whole, an unhealthful one; but the 
mind of the miner is affected by such 
things as those discussed and ex- 
presses itself in a tendency to strike. 
Only on one side today is an effort 
being made to rectify the miner’s life 
on the side of social welfare. Here 
much is being done; but more—much 
more—remains yet to do. 
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fact, the initiated disciple of mental 
hygiene or psychiatry will find his 
time profitably spent in reading this 
book. 

Dr. Campbell begins with this 
introductory statement: ‘This lecture 
proposes to deal with human nature 
working under difficulties, and to 
choose one small portion of that 
broad problem. I should like t 
interest you in some facts rather than 
in words, in a sample of the real stu® 
of human life rather than in the tradi 
tional and threadbare phrases wit! 
which we too often disguise the actual 
world, giving ourselves a pleasing illu- 
sion of knowledge. I ask you, ther 
fore, to consider our topic to be 2°! 








ny, 
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‘mental disorders,’ but men, women, 
and children in difficulty, suffering, 
hoping, thwarted, groping.” 

Dr. Campbell then proceeds to 
dispel the taboo surrounding the word 
“mental,” particularly when used to- 
sether With “disorder.” He argues 
‘or the same sane attitude toward these 
jisorders as is now generally held 
toward physical disorder. Briefly, but 
adequately, he explains and illustrates 
4 number of types of mild mental 
disorder. 

On pages 27 to 50 there is a remark- 
able and interesting exposition of Dr. 
Campbell’s philosophic and scientific 
attitude toward mental disorder. 
He passes quickly but with no sacrifice 
of clarity from a discussion of ulti- 
mates, free will, mind and matter, to 
such topics as the physiology and 
of the central nervous 
system, instinctive level, conditioned 
reflexes, primitive mentality, magical 
and animistie thinking, childhood re- 
actions and attitudes, and the pathol- 
ogy of the situation. 

The following paragraph is too 
lundamental, too important to omit 
‘rom this review. Its importance 
lies particularly in the fact that the 
truth expressed has been neglected 
to0 Inany times in our industrial pro- 
crams where efficiency has been the 
culding principle. 

“Clear, logical thought has _ not 
uways been the dominating factor in 
‘iunan behavior; and even in the most 
viellectual and emancipated _ in- 
lividual it exercises less complete 
‘ontrol than is usually supposed. 


} 
} 


pathology 


beneath the level of our clear con- 
‘cious adult thought are childhood 
ttitudes and feelings, residuals from 

earlier phases of our own personal 


development; and beneath that level 
are indications of the same modes of 
human thought, which led primitive 
man to his conception of the forces of 
nature, with animistic and magical 
interpretations. At a still deeper level 
are those fundamental tendencies of 
great biological value, which we have 
in common with the animals, the 
instincts. The animal has an _ in- 
stinctive curiosity, but in primitive 
man the horizon of this curiosity begins 
to be greatly enlarged; and as human 
nature has developed, the search for 
knowledge has come to recognize no 
limits. Man’s restless mind goes back 
to the beginning of time and to the 
extremity of space. He is not con- 
tent to trace sequences, to establish 
laws of nature; he has eaten of the 
fruit of the Tree of Knowledge; he has 
to give values to things; he is not 
content with the what and the how 
of the phenomena, he wishes to know 
the why of his experience. Not con- 
tent merely to register impressions 
and to forecast phenomena, he is 
forced to place his limited personal 
experience, with all its problems, on 
the background of some _ cosmic 
scheme, which his imagination con- 
structs in response to an inner need. 
In his constructions we see a dual 
function of the mind, a subjective 
and an objective aspect.” 

Dr. Campbell summarizes his lecture 
by stating the following: 

“First: to all who personally, or 
vicariously in relatives, have suffered 
from these disorders, it is a great relief 
to look upon them simply and directly 
as human ailments, to be studied like 
other ailments, to be treated in the 
same considerate manner as other 
ailments, to be talked of in the same 
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unembarrassed way in which we talk 
of other ailments. 

‘Second: a modern attitude to these 
ailments means that at the earliest 
indication of trouble, when treatment 
has most chance of being useful, these 
patients will be encouraged to seek 
advice, where there are available suit- 
able facilities for diagnosis and 
treatment. 


“Third: a community, which has 
emancipated itself from mediaeval 
views on these matters and from too 
narrow laboratory conceptions of dis- 
ease, will realize that suitable facilities 
for diagnosis and treatment must be 
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as abundantly supplied for these djs. 
orders as for other ailments, and vill 
supply the funds necessary for tha: 
intensive medical research withoy 
which little progress can be expected 

“Fourth: the light thrown on the 
everyday problems of human life }y 
those experiments, which nature makes 
when she produces a mental disorder 
illuminates many of the problems of 
the school, of the home, of the factory 
and the store, and should contribute 
much of a constructive nature to 
social organization.’”’—Henry  B. 
Elkind. 











